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Introduction 



THIS Ejicyclopedia has been compiled from the 
latest and most practical papers of the Inter- 
national School of Engineering, by Calvin F. 
Swingle and other authors. It is intended to furnish 
practical instruction in the subjects, covered in each 
volume, for those who are not in a position to take up a 
correspondence course or attend a School of Elngineering. 
Each volume is complete in itself, and will be found to 
be of great practical value to the mechanic or student 
who desires to obtain the latest and best information on 
the subjects contained therein. Numerous practical ex- 
amples are given in each volume, which help to bring 
out the fundamental principles involved and also fix the 
essential points in the reader's mind. 

Experience in the workshop, laboratory and class- 
room of years duration have been necessary in the prepa- 
ration of the different sections of this work, and the 
subjects contained in each, have been tested by actual 
use as to their practical value to the person who desires 
to be up in the latest and best shop or engine-room 
practice. This Encyclopedia has been compiled with 
the idea of making it of value to those who are not in a 
position to benefit themselves by a technical school course. 
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CHAPTER I 

STEAM, HEAT, COMBUSTION, AND FUBL8 

Ques. 1. — ^What is steam? 

Ans. — Steam is vapor of water. 

Ques. 2. — At what temperature will water evaporate 
(boil) in the open air at sea level? 

Ans. — 212 degrees Fahrenheit. 

Ques. 3. — If 1 cubic foot of water is evaporated at 
212 degrees into steam at atmospheric pressure, how 
nuny cubic feet of steam will there be? In other words, 
what will the volume of the steam be? 

Ans. — 1,646 cubic feet. 

Ques. 4. — Then what is the relative volume of steam 
at atmospheric pressure, and the water from which it was 
evaporated at 212 degrees? 

Ans.— 1,646 to 1. 

Ques. 5. — What is the relative volume of steam at 
200 pounds gauge pressure, and the water from which it 
was generated? 

Ans.— 132 to 1. 

Ques. 6. — What is meant by the terms atmospheric 
pressure, gauge pressure, and absolute pressure, as 
applied to steam and other gases? 

Ans. — The pressure in pounds exerted by the steam, 
or gas, on each square inch of the interior surface of the 
containing vessel, tending to rupture it. 

T 
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QUESTIONS AND ANSWERS 



Ques. 7.— What is vacuum? 

Ans. — The absence of all pressure in the interior of a 
vessel. 

Table 1, which follows, shows the physical properties 
of saturated stean; from a perfect vacuum up to 1,000 
pounds absolute pressure. It will be found convenient 
for reference. 
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848.2 


152 


2.45 


377.3 


350.4 


1 197.0 


846.6 


148 


2.39 


379.5 


352.7 


1197.7 


845.0 


144 


2.33 


381.6 


354.9 


1198.3 


843.4 


141 


2.27 


383.7 


357.1 


1 199.0 


841.9 


138 


2.22 


385.7 


359.2 


I 199.6 


840.4 


135 


2.17 


387 7 


361.3 


1200.2 


838.9 


132 


2.12 


389.7 


362.2 


1200.8 


838.6 


129 


2.06 


404.4 


377.4 


1205.3 


827.9 


IIO 


1.76 


417.4 


390.9 


1209.2 


818.3 


96 


1.53 


467.4 


443.5 


1224.5 


781.0 


59 


.94 


504.1 


482.4 


1235.7 


753.3 


42 


.68 


546.8 


528.3 


1248.7 


720.3 


30 


.48 



•mm ^^ 

: O 



.2915 
.2936 

.2957 
.2978 

.3000 
.3021 
.3042 
.3063 
.3084 
.3105 
.3126 

.3147 
.3169 

.3190 
.32IX 
.3232 
.3253 
.3274 
.3316 
.3358 
•3463 
.3567 
.3671 
.3775 
.3879 
.3983 
.4087 
.4191 
.4296 
.4400 

.4b03 
.4605 

.4707 
.4S52 

.5686 

.6515 
1.062 
1.470 
2.082 
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Ques. 8. — How much pressure does the atmosphere 
exert upon the surface of the earth? 

Ans. — 14.7 pounds upon each square inch of the 
earth's surface. 

Ques. 9. — What is understood by gauge pressure? 

Ans. — Gauge pressure is the pressure over and above 
the 14.7 pounds atmospheric pressure. 

Ques. 10. — What is absolute pressure? 

Ans. — Absolute pressure is the total pressure above a 
perfect vacuum. It equals the sum of the gauge pressure 
and the atmospheric pressure. 

Ques. 11. — How does pressure influence the boiling 
point of water? 

Ans. — The higher the pressure, the higher must the 
temperature of the water be raised in order to cause it to 
boil. 

Ques. 12. — In what way does pressure affect the vol- 
ume of steam? 

Ans. — The higher the pressure, the smaller will be the 
volume of the steam generated from a given weight of 
water. 

Ques. 13. — In what light should steam be considered 
relative to work? 

Ans. — As an agent through which heat performs the 
work. 

Ques. 14. — What is the most important property of 
steam? 

Ans. — Its expansive force. 

Ques. 15. — What law governs this expansion? 

Ans. — Boyle's law of expanding gases. 
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Ques. 16. — Define Boyle's law. 

Ans. — ^The volume of all elastic gases is inversely pro- 
portional to their pressure. 

Ques. 17. — What is heat? 

Ans. — Heat is a form of energy which may be applied 
to or taken away from bodies. 

Ques. 18. — Name the original source of heat, at least 
for this planet. 

Ans. — The sun. 

Ques. 19. — How was this heat made available for 
man's use? 

Ans. — By being stored up in oil, wood, and the coal 
formations millions of years ago, by the rays of the sun. 

Ques. 20. — What is the relation of heat to matter? 

Ans. — All matter is charged with heat in a greater or 
less degree, depending upon the nature of the matter. 

Ques. 21. — What is the specific heat of any substance? 

Ans. — The ratio of the quantity of heat required to 
raise a given weight of that substance 1 degree in temper- 
ature, to the quantity of heat required to raise the same 
weight of water 1 degree in temperature, the water being 
at its maximum density, 39.1 degrees. 

The following table gives the specific heat of different 
substances in which engineers are most generally inter- s 
ested: J 

Table No. 2 

Water at 39.1 degrees Fahrenheit 1.000 

Ice at 32 degrees Fahrenheit 504 

Steam at 212 degrees Fahrenheit 480 

Mercury 033 

Cast iron 130 
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Table No. » — Continued 

Wrought iron 118 

Soft steel 116 

Copper 095 

Lead 031 

Coal 240 

Air 238 

Hydrogen 3.404 

Oxygen 218 

Nitrogen 244 

Qucs. 22. — What is sensible heat? 

Ans. — Heat imparted to a body, and warming it. 
Sensible heat in any substance can be measured in degrees 
of a thermometer. 

Ques. 23.— What is latent heat? 

Ans. — Heat given to a body and not warming it; that 
is, the heat that is not shown by the thermometer. 

Ques. 24. — Is the heat lost that thus becomes latent? 

Ans. — It is not. On the contrary, it was required to 
produce the change in the body from the solid to liquid, 
or from the liquid to the gaseous state. For instance, in 
the transformation of ice into water, 180 degrees of heat 
becomes latent, and in changing the water into steam at 
atmospheric pressure 965.7 degrees of heat become 
latent. 

Ques. 25. — What is the first law of thermo-dyna- 
mics? 

Ans. — Heat and work are mutually convertible; that 
is, a certain amount of work will produce a certain 
amount of heat, and the heat thus produced will, by its 
disappearance, if rightly applied, produce a fixed amount 
of mechanical energy. 
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Ques. 26.-^How is heat measured with relation to 
work? 

Ans. — By the thermal unit. 

Ques. 27. — What is a thermal unit? 

Ans. — It is the quantity of heat required to raise the 
temperature of one pound of pure water one degree, or 
from 39 degrees, its temperature of greatest density, to 
40 degrees. 

Ques. 28. — What is the mechanical equivalent of 
heat? 

Ans. — The mechanical equivalent of heat is the 
energy required to raise a weight of 778 pounds one foot 
high, or a weight of one pound 778 feet high; in other 
words, 778 foot pounds. This amount of energy is stored 
in one thermal unit, or heat unit. 

Ques. 29. — In how many ways is heat transmitted? 

Ans. — In two ways: — First by conduction; second, by 
radiation. 

Ques. 30. — What is conduction of heat? 

Ans. — Conduction is the transmission of heat from 
one body to another in direct contact with it. 

Ques. 31. — Are all bodies equally good conductors of 
heat? 

Ans. — No. The best conductors of heat are the 
metals, silver, copper, tin, steel, lead. The poorest 
conductors, or nonconductors, as they are termed, are 
hair, wool, straw, wood, liquids, and **dead*' air, that is, 
air not in circulation. 

Ques, 32, — What is radiation of heat? 

Ans. — Radiation is the transmission of heat from one 
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body to another throug^h an intervening^ space between 
the bodies. 

Ques. 33. — How is the heat in the furnace or fire-box 
of a boiler transmitted to the water in the boiler? 

Ans. — By radiation and conduction through the heat- 
ing surface of the boiler. 

Ques. 34. — What is combustion? 

Ans. — Combustion is the chemical union of the carbon 
and hydrogen of the fuel with the oxygen of the air. 

Ques. 35. — What is one of the main factors in the 
proper combustion of fuels, especially coal? 

Ans. — A proper supply of air. 

Ques. 36. — What is the principal constituent of coal, 
oil, and most other fuels? 

Ans. — Free or fixed carbon. 

Ques. 37. — Are there other combustibles in fuels? 

Ans. — Yes; hydrocarbons, a chemical combination of 
carbon and hydrogen in different ratios. 

Ques. 38. — State the composition of air. 

Ans. — By volume, 21 parts oxygen and 79 parts 
nitrogen; by weight, 23 parts oxygen and 77 parts 
nitrogen. 

Ques. 39. — In what proportion do the atoms of carbon 
and hydrocarbons combine with the atoms of oxygen to 
form perfect combustion? 

Ans. — One atom of carbon combines with two atoms 
of oxygen, expressed by the chemical symbol CO*. 

Ques. 40. — In the process of combustion, which com- 
bustible bums first? 

Ans.-r-When fresh fuel is added to the fire, the hydro- 

a 
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carbons distill in the form of s^as, and if the conditions 
of draught, admission of ^ir, etc., are right, this gas will 
ignite and bum during its passage through the furnace 
and combustion chamber; otherwise it passes out of the 
stack in the form of smoke. 

Ques. 41. — What are the common products of com- 
bustion? 

Ans. — First, carbonic acid, resultant from the 
chemical union of one atom of carbon with two atoms of 
oxygen (symbol CO*); second, water vapor, resultant 
from the chemical union of two portions of hydrogen, and 
one portion of oxygen (symbol H*0); third, inert gases, 
like nitrogen, also unassociated oxygen, ash, and other 
products, due to the impurities contained in the coal, or 
other fuel. 

Ques. 42. — In what form does the fixed carbon appear 
during the process of combustion? 

Ans. — After the hydrocarbons have left it, the fixed 
carbon appears in the form of a glowing mass of coke, 
uniting with the oxygen to form carbonic acid, and all 
the heat stored in the carbon is liberated, provided the 
supply of air is correct; otherwise carbon monoxide 
(symbol CO) is formed, and only about one-third of the 
stored heat is liberated, the larger portion of the carbon 
passing off in the form of soot and smoke. 

Ques. 43. — How many thermal units are contained in 
one pound of carbon? 

Ans. — 14,500 thermal units. 

Ques. 44. — Theoretically, how much air is required 
for the complete combustion of one pound of coal? 
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Ans. — ^By weight, 12 pounds; by volume, 150 cubic feet. 

Ques. 45. — Is this law carried out in practice? 

Ans. — It is not; a much larger quantity of air (20 to 
24 pounds per pound of coal) being supplied in order to 
insure that all the atoms of carbon may find oxygen. 

Ques. 46. — In what two ways is the air supplied to 
boiler furnaces? 

Ans. — ^First, by natural draught; second, by artificial 
or forced draught. 

Ques. 47. — What causes natural draught? 

Ans. — The air in the furnace and uptake becomes 
heated and consequently much lighter in weight than an 
equal column of outside air. The heated air is therefore 
continually rising and passing out of the funnel or smoke- 
stack, while the outside air rushes into the ash-pit and 
up through the grates to replace it. 

Ques. 48. — How many systems of artificial or forced 
draught are there? 

Ans. — There are two principal systems: First, that 
in which the air is forced directly into the ash-pits, 
through conduits leading directly from the fan, or other 
source of the blast; second, that in which the air is forced 
directly into the fire-room or stoke-hole, which is made 
air-tight for this purpose, and from thence the air finds 
its way into the furnaces on the same principle as when 
natural draught is employed. 

Ques. 49. — Mention the two most important factors 
in the regulation of combustion. 

Ans. — First, the draught; second, the kind and 
quality of the fuel. 
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Ques. 60. — What is meant by the expression "rate of 
combustion?" 

Ans. — The rate of combustion means the number of 
pounds of fuel burned per square foot of grate surface 
per hour. 

Ques. 51. — What are the usual rates of combustion 
with natural draught? 

Ans. — For stationary boilers with shaking grates, 
from 12 to 18 pounds of coal per hour; for marine 
boilers, from 15 to 25 pounds. 

Ques. 52. — What are the rates of combustion with 
artificial or forced draught? 

Ans. — For stationary boilers, 25 to 35 pounds; for- 
marine boilers, 20 to 50 pounds. 

Ques. 53. — How should the air-supply be regulated in 
order to bring about complete combustion? 

Ans. — Complete combustion can be secured only when 
the air is brought into direct contact, not only with the 
fuel, but also with the gases as they develop. If the air 
passing into the furnace above the fuel is first heated, 
much better results can be attained. 

Ques. 54. — Why is it desirable to admit air (heated if 
possible) above the fire? 

Ans. — In order to supply to the hydrocarbons the 
oxygen necessary to their complete combustion. 

Ques. 55. — What will be the result if the supply of 
oxygen above the fire is not sufficient? 

Ans. — A portion of the hydrocarbons will pass off 
unburned, and of other portions, only the hydrogen is 
burned, leaving the carbon to pass off as soot or smoke; 
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Qucs. 56. — State another reason why the air should be 
admitted above the fire. 

Ans. — If carbon monoxide (CO) has been fonned in 
the combustion of the fixed carbon, the air above the fin 
would burn tins into carbonic acid, thereby liberating / 
large additional amount of heat. 

Ques. 57. — What is indicated by the formation ol 
much smoke and soot? 

Ans. — Incomplete combustion, as smoke and soot are 
simply unoxydized particles of carbon. 

Ques. 58. — Is a high furnace temperature conducive 
to good combustion? 

Ans. — It is; because the hydrocarbons unite with the 
oxygen much more quickly, and the fixed carbon also is 
much more completely united with oxygen in a high 
temperature. 

Ques. 59. — Mention a very efficient agency for main- 
taining a high furnace temperature. 

Ans. — Fire-brick arches and bafflers, for the gases to 
impinge against. 

Ques. 60. — Assuming that good combustion is taking 
place in the boiler furnace, what will be the furnace tem- 
perature? 

Ans. — From 2,500 to 3,000 degrees Fahrenheit. 

Ques. Gl. — What are the fuels most commonly used 
in boiler furnaces? 

Ans. — Coal, wood, and oil. 

Ques. 62. — What per c ent of volatile matter is con- 
tained in most of the coals used in the marine service? 

Ans. — About 20 per cent. 
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Ques. 63. — What are the advantas^es of fud oil? 
Ans. — Greater evaporative power for same weig^ht and 
bulk, ease of manipulation, perfect control of the com- 
bustion to suit requirements of service, and cleanliness. 

Ques. 64. — What are the principal objections to the 
use of oil as fuel for boilers? 

Ans. — First, certain dangers involved in storing and 
using it; second, limited supply. 

Ques. 65. — State the difference between the heating 

value of a pound of bituminous coal and a pound of wood. 

Ans. — One pound of coal will evaporate from 8 to 

9 pounds of water; one pound of wood will evaporate 

from 2J4 to 3^ pounds of water. 

Ques. 66. — What are the two principal kinds of coal 
used as fuel for boilers? 

Ans. — First, anthracite or hard coal; second, bitumin- 
ous or soft coal. 

Ques. 67. — State the composition of hard coal. 

Ans. — *Carbon per cent 91.05 

Volatile matter " 3.45 

Moisture " 1.34 

Ash •• 4.16 

100.00 
Ques. 68. — State the composition of the best soft coals. 

Ans. — t Fixed carbon per cent 75.02 

Volatile matter " 20.34 

Moisture " .61 

Ash •• 3.47 

Sulphur " .56 

100.00 

•Thuriton. tKent. 
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Ques. 69. — Does this analysis apply to all bituminous 
coals? 

Ans. — No; some of the poorer kinds run as low as 40 
per cent in carbon, 32 per cent in hydrocarbons, and 12 
per cent in ash. 

Ques. 70. — How do these impurities affect the value 
of coal as a fuel? 

Ans. — ^The mineral combination of sulphur and iron' 
affects the keeping qualities of some coals. Ashes and 
mineral substances form clinkers on the s^rate bars by 
f usinsf together, thereby greatly impeding the passage of 

air through the fire. 

Table No. 3 
Analysis of Coal from Different States. 



Sute 


Kind of Coal 


Moist- 
ure 


Vola- 
tile 
Matter 


Fixed 
Carbon 


Aab 


8al> 
phmr 


Pennsylvania 


Youghiogheny 


1. 03 


36.49 


59.05 


2.61 


0.81 


«« 


Connellsville 


1.26 


30.10 


59.61 


8.23 


a78 


West Virginia 


Quinimont 
Fire Creek 


0.76 


18.65 


79.26 


I.II 


0.23 


< « 


0.61 


22.34 


75.02 


1.47 


0.56 


E. Kentucky 


Peach Orchard 


4.60 


35-70 


53.28 


6.42 


1.08 


• 4 


Pike County 


1.80 


26.80 


67.60 


3.80 


0.97 


Alabama 


Cahaba 


1.66 


33.28 


63.04 


2.02 


0.53 


•« 


Pratt Co.'s 


1.47 


32.29 


59.50 


6.73 


1.22 


Ohio 


Hocking Valley 


6.59 


35.77 


49.64 


8.00 


».59 


•1 


Muskingrum ** 


3.47 


37.88 


53.30 


5.35 


2.24 


Indiana 


Block 


8.50 


31.00 


57.50 


3.00 




«• 


14 


2.50 


44.75 


51.25 


1.50 




W. Kentucky 


Nolin River 


4.70 


33.24 


54.Q4 


11.70 


2.54 


«« 


Ohio County 


3.70 


30.70 


45.00 


3.16 


1.24 


Illinois 


Big Muddy 


6.40 


30.60 


54.60 


8.30 


1.50 


•« 


Wilmington 


15.50 


32.80 


39.90 


11.80 




•• 


" screenings 


14.00 


28.00 


34.20 


23.80 




•4 


Duquoin 


8.90 


23.50 


60.60 


7.00 





Ques. 71, — How is coal measured? 

Ans. — Usually by weight in pounds or tons. For 
storage purposes between 42 and 44 cubic feet per ton of 
2,240 pounds are allowed. 
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Ques. 72. — What is the heating value in thermal units 
of one pound of bituminous coal? 

Ans. — 12,000 to 14,500 thermal units, depending upon 
the quality of the coal. 

Ques. 73. — What is the average composition of wood? 

Ans. — About 50 per cent of carbon, 40 per cent of 
oxygen, some hydrogen, and about 1 per cent of ash. 

Ques. 74. — What is the average heating value of 
wood expressed in thermal units? 

Ans. — From 6,000 to 8,000 thermal units per pound. 

Ques. 75. — What woods are generally used for fuel? 

Ans. — Hickory, oak, beech, pines, and firs. 

Ques. 76. — What are the principal disadvantages in 
the use of wood as a fuel for steam boilers? 

Ans. — First, a limited supply; second, great bulk in 
comparison to its heating value. '^ 

Ques. 77. — State the composition of fuel oil. 

Ans. — Fuel oil contains about 86 per cent of carbon, 
13 per cent of hydrogen, and 1 per cent of oxygen. 

Ques. 78. — What is the heating value of fuel oil? 

Ans. — 20,000 to 22,000 thermal units per pound of oil. 

Ques. 79. — What are the relative heating values of 
coal and wood? 

Ans. — One pound of coal is equal to 2j4 pounds of 
wood. 

Ques. 80. — What is the best all-around fuel, with high 
heating value, and at reasonable cost? 

Ans. — Coal. It is easily obtainable very nearly every- 
where; it is safe to handle, and has small bulk in propor- 
tion to its heating value. 



CHAPTER II 

THE BOILER. 

Que8. 81. — What are the leading types of boilers in 
use at the present day in the stationary and marine 
service? 

Ans. — First, fire-tube boilers; second, water-tube 
boilers. 

Ques. 82. — In what respect do they differ? 

Ans. — Fire-tube boilers have the hot gases inside the 
tubes and the water surrounding them, while in water- 
tube boilers the water is inside the tubes and the hot gases 
and flame are on the outside. 

Ques. 83. — Are boilers classified in any other way? 

Ans. — Yes; low-pressure boilers, in which 55 to 60 
pounds is the limit, and high-pressure boilers, carrying 
from 150 to 300 pounds pressure. 

Ques. 84. — What are the most common forms of fire- 
tube boilers? 

Ans. — First, the horizontal tubular boiler; second, 
the vertical tubular boiler; third, the Scotch boiler; 
fourth, the flue and return tube boiler; fifth, the Western 
river boiler. 

Ques. 85. — Describe the horizontal tubular boiler. 

Ans. — It consists of a cylindrical shell, having tubes 
of from 2 to 4 inches in diameter extending from head 
to head. There is usually a dome on top, and the 
boiler is set in brickwork, having the furnace underneath. 
The heated gases pass first under the boiler, and then 

95 
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return through the tubes to the breeching or uptake 
leading to the stack. 

Ques. 86. — ^What are the leading features of the verti- 
cal tubular boiler? 

Ans. — A cylindrical shell, having the fire-box or fur- 
nace in its lower end. The bottom ends of the tubes are 
expanded into the tube-sheet of the fire-box, and the top 
ends of the tubes are expanded into the top head of the 
boiler, and conduct the gases directly to the stack. 

Ques. 87. — Are the tubes entirely submerged in this 
class of boilers? 

Ans. — Not in all cases. Some forms of vertical boilers 
have a submerging chamber above the upper tube-sheet. 
This allows of a steam space above the top ends of the 
tubes, surrounding the smoke uptake, or smoke flue lead- 
ing to the stack. The tubes are thus entirely submerged. 
In the flush-tube boiler the steam and water space is below 
the upper tube-sheet or head of the boiler, thus leaving 
the upper portion of the tubes surrounded only by steam. 

Ques. 88. — Describe the Scotch boiler. 

Ans. — The Scotch boiler may be made either single- 
ended or double-ended. The shell is cylindrical, with 
flat heads. The diameters range from 10 to 15 feet, and 
in some cases even 20 feet, with a length of from 7 to 11 
feet. The Scotch boiler is horizontal, and is provided 
with two or more large corrugated furnace flues, placed 
near the bottom of the boiler, and extending from the 
front head to the combustion chamber in the rear. 

Ques. 89 — What is the diameter of these corrugated 
flues? 
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Ans, — From 35'S to 4H feet, depen ng upon the size 
of the boiler. 

Ques. 90. — How are these furnace flues secured in 
:he boiler? 




Ans. — One end of the flue is riveted into the front 
head of the boiler, and the back end of the flue is riveted 
into the front sheet of the combustion chamber. 
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Ques. 91. — Describe the combustion chamber of the 
Scotch boiler. 

Ans. — It is a chamber built of steel boiler plate, 
located at the rear end of the boiler, and entirely sur- 
rounded by water. A nest of tubes extends from the 
front sheet of the combustion chamber, above the cor- 
rugated furnace flue, to the front head of the shell. 




Ques. 92, — Describe the course of the heated gases in 
the Scotch boiler. 

Ans. — The furnaces proper, are placed within the cor- 
rugated flues, near the front end. The gases and smoke 
pass through the flues to the combustion chamber, and 
from thence return through the small lubes to the smoke- 
box in front, and from there out through the stack. 

Ques. 9-3. — How are the flat sides of the combustion 
chamber stayed? 
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QUESTIONS 



Ans. — By stay-bolts connecting with the shell and the 
back head. The small tubes serve as stays for the front 
sheet. 




Ques. 94. — W'liat is meant by double-ended Scotch 
boilers? 

Ans. — Boilers having furnaces at each end. A double- 
ended Scotch boiler is in fact two single-ended boilers 
placed back to back. 
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Qucs. 95. — What advantage has the Scotch boiler 
over other types? 

Ans, — A very large amount of heating surface in 
proportion to its cubic contents. 

Ques. 96. — What are the disadvantages connected 
with the use of the Scotch boiler? 




Ans. — First, defective water circulation; second, 
liability to leaky tubes; third, unequal expansion of the 
parts, thereby setting up severe strains. 

Ques. 97, — Is the Scotch boiler much used? 

<ns. — It is in almost universal use in the large ocean- 
gomg mercnanr vessels. 
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Ques. 98. — What are the distinctive features of the 
flue and return-tube boiler? 

Ans. — This form of boiler is cylindrical in shape in 
that part of the shell containing the large flues and 
small return tubes, but resembles a locomotive boiler in 
that portion containing the fire-box. 




Fig. 6. Double-Kndcd Scotch MAiiNe BoiLSt, SecTion ai, Visw. 

Ques. 99. — Describe the action of the heat in this 
boiler. 

Ans. — The furnace or fire-box, resembling that of a 
locomotive, is located in the front end of the boiler. 
From thence large flues conduct the heated gases to the 
combustion chamber in the rear, similar to that of a 
Scotch boiler, and from there the gases return through 
the small tubes to the uptake. 
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Qiics. 100. — Describe the Western river boiler. 

Ans.— This boiler is usually very long {35 to 30 feet) 
in proportion to its diameter. It consists of a cylindrical 
shell having two or more flues of large diameter (12 to 
14 inches) extending its entire length. It is set in brick- 
work in tlie same manner as the horizontal tubular boiler 
is, the eases passing underneath the shell to the rear, and 
thumri' nuiriijn^ ihroui^h llic large (lues to the- uptake 




I 



leading to the stack. It is a very simple boiler, and will 
withstand high pressures and hard usage. 

Ques. 101. — Describe the locomotive boiler. 

Ans. — The locomotive boiler consists essentially of a 
rectangular fire-box and a cylindrical shell, A large 
number vl tubes of small diameter (2 inches) pass 
through the shell from the fire-box to the smoke-box, a 
wntinuation of the barrel at the front end. 
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Ques. 102. — How is the fire-box joined to the outer 
shell at the bottom? 

Ans. — By a forged ring called the mud-ring, made of 
wrought iron or steel, through which long rivets pass, 
uniting the fire-box sheet and the outer sheet. 

Ques. 103. — How are the flat sides of the fire-box 
stayed? 

Ans. — By stay-blots screwed through the outer shell, 
into and through the fire sheet, and having both ends 
riveted down cold. 

Ques. 104. — How is the flat crown-sheet of a locomo- 
tive boiler stayed? 




Fig. 10. Cornish Boiler. 

Ans. — By a system of crown-bars, made in the shape 
of double girders, the ends of which rest upon the side 
sheets of the fire-box. Crown-bolts pass up through the 
crown-sheet and crown-bars, and are secured by nuts 
resting upon saddles on top of the crown-bars. The 
heads of the bolts support the crown-sheet. 

Ques. 105. — Is the locomotive boiler an economical 
boiler for stationary purposes? 

Ans. — It is not. 

Ques. 106. — Are there any other forms of cylindrical 
shell boilers besides those already referred to? 

Ans. — Yes; the Cornish boiler, having a large central 
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flue, in one end of which the furnace is located: the Lan- 
cashire boiler, a modification of the Cornish, containing two 
internal furnace flues, and the Continental boiler. 

Ques. 107. — What is meant by Galloway tubes as 
applied to a boiler? 

Ans. — Galloway tubes are conical-shaped water tubes 
which stand in an inclined position in the large flues of 
the Lancashire boiler back of the furnaces, and serve to 
circulate the water from the space below, to the space 
above the flues. They also act as bafTlers to the gases in 
their passage through the flues, and thus provide increased 
heating surface. 






Fig 11 The Lancashire Boiler. 



Fig. 12. Tun Calloway 
Boiler. 



Ques. 108. — Describe the Continental boiler. 

Ans. — The Continental boiler is a modification of the 
Scotch boiler, and is used to a large extent in the marine 
service. It is provided with a Morison corrugated fur- 
nace, and its efficiency as a steam generator has been 
established by a long series of practical tests. 

Ques. 109. — What are the leading characteristics of 
the Bonson boiler? 

Ans.— The Bonson boiler is a combination of the 
tubular and water-tube types. The water-tube member 
is in the form of a flat arch, and serves as a roof to the 
furnace, The cylindrical shell rests upon and is con- 
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nected with front and rear steel saddles (water-chambers) 
and the water-tubes are connected with the lower portion 
of these saddles. 

Ques 110. — What route do the gases take in passing 
from the furnace of the Bonson boiler to the smoke- 
stack.' 




Ans. — They pass first under the water-tubes, which 
are lined with a special tile made of fire-clay, the sides of 
the furnace bfing also lined with fire-brick. The gases, 
after passing into the combustion chamber, at the rear, 
ascend and return through the fire-tubes in the shell, and 
from thence into the uptake at the front. 

Ques. 111. — What are the leading characteristics of 
water-tube boilers? 
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Ans, — In water-tube boilers the larger part of the 
heating surface consists of tubes of moderate size (1 to 4 
inches in diameter). There is always some form of 
separator, drum or reservoir into which the tubes lead. 
In this drum the steam is separated from the water. In 
some forms of water-tube boiiers this shell or drum is of 
considerable size. 




Ques. 112. — Is this drum exposed directly or indi- 
rectly to the heat? 

Ans. — It is generally exposed indirectly, as the upper 
part is used for steam space. 

Ques. 113. — What advantage is there in having a 
large size steam and water-ilrum? 

Ans. — The advantage of having a good free water 
surface for the disengagement of the steam. The water 
occupies about one-thirl of the lower portion of the drum. 
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Ques. 114. — Are the upper ends of the tubes in all 
water-tube boilers entirely filled with water? 

Ans. — Not in all cases. In some forms of water-tube 
boilers the upper ends of the tubes extend above the 
water level. 

Ques. 115. — How are these different forms of water- 
tube boilers designated? 

Ans. — First, as drowned tubes; second, as primine 
tubes. 




Ques. 116. — What are some of the advantages of 
water-tube boilers? 

Ans. — They may be made light, fxjwerful and able to 
withstand high pressures. They are quick steamers, 
that is, steam may be raised rapidly from cold water; 
also, the circulation of the water in them is good gen- 
erally. 

Ques. 117. — What are some of the disadvantages 
attending the use of water-tube boilers? 

Ans. — They are difHcult to inspect and clean. Also, 
owing to the large number of joints, leaks are liable to 
occur. 
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Qu«. 118.— Describe briefly the Babcock & Wilcox 
water- tube boiler. 

Ans.^There is a large horizontal cylindrical shell at 
the top for the purpose of supplying steam and water- 
space. The lower half of this shell contains water, and 
the upper half steam. The tubes are expanded into 
headers at each end. At the front end these headers are 
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brought up near the shell, to which they are connected 
by a cross connection. The back end headers are con- 
nected to a mud-drum at the bottom, and to the shell at 
the top by slightly inclined tubes. The back headers 
being lower than the front headers, the tubes are thus 
inclined from front to back. 

Ques. 119. — In what style are the tubes connected to 
the headers? 

Ans.— They are staggered. 
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Ques, 120. — What is meant by staggered tubes? 
Ans. — Staggered tubes are tliose which are not placed 

viTlical rows, llial is. one <liri-ctly above the other. 




Ques. 121. — What are the facilities for cleaning these 
tubes? 

Ans. — At each end of each tube there are hand-holes 
provided. 

Ques. 122. — Describe the course of the gases for the 
Babcock & Wilcox boiler. 
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Ans. — A brick bridge wall at the bacK enu ot the fur- 
nace, together with special tiles placed among the tubes* 
compel the gases to first pass up among the tubes until 
they come in contact with the bottom of the shell for 
about two-thirds of its length from the front end. At 
this point a hanging bridge wall and special tiles deflect 
the gases downward in their course, and they again 
circulate among the tubes, passing underneath the tiles 
and up among the tubes again. The products of com- 
bustion thus pass over and around the tubes three times 
on their way to the uptake. 

Ques. 123. — What portions of this boiler constitute 
the heating surface? 

Ans. — The tubes, headers, and the lower half of the 
shell. 

Ques. 124. — What course does the water take in its 
circulation in this boiler? 

Ans. — Down from the shell at the rear to the water- 
tubes, thence forward and upward through the tubes. 
In its course through the tubes it becomes partially vap- 
orized and of less density. It then passes up into the 
shell at the front, where the steam is disengaged. 

Ques. 125. — Is the Babcock & Wilcox boiler much 
used in the marine service? 

Ans. — Yes, it is used extensively in the British and 
United States navies, also in merchant steamers. 

Ques. 126. — Is the form of this boiler the same for 
marine as for land service? 

<**jis. — It is not. The chief features in which it differs 
from the land boiler are, first, a very much larger grate 
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area; second, the cylindrical shell is set transversely to 
the direction of the tubes; third, the fire-doors are located 
at what would be the rear of the land boiler; fourth, the 
tubes are much shorter, owing to the contracted space 
allowed on ocean steamers; (iflh, the brickwork is sur- 
rounded outside by a metal casing. 




7ic. IS. Thi Caldwiu. Boilu. 

Ques. 127. — Are there any other forms of water-tube 
boilers patterned after the Babcock & Wilcox boiler? 

Ans. — There are several, prominent among which are 
the Caldwell and the Root boilers. 

Ques. 12fi.— Describe the Caldwell boiler. 

Ans. — It is similar in construction to the Babcock & 
Wilcox, except that the tubes, instead of being staggered 
vertically, are placed one directly above the other, with 
specially shaped fire-brick laid across alternate spaces 
between the tubes to deflect the gases. 




steam-collccting liearler above, placed transversely to the 
direction of the other drums, and from this header two 
connecting pipes lead to a large steam-dnim located at 
about the center of the boiler, and above all. 

Ques. 130. — How does the water circulate in the Root 
boiler? 

Ans. — It descends through vertical connecting pipes 
from the feed-drum at the rear to the mud-drum beneath. 
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From thence it passes into the back and lower ends of the 
tubes, and on up through the tubes, and into the over- 
head drums, into the upper halves of which the steam is 
disengaged. 

Ques. 131. — Describe the Cahall water-tube boiler. 

Ans. — The Cahall boiler is vertical, having a nest of 







water -tubes standing nearly vertical. These tubes are 
connected with a shallow water -drum at the bottom, and 
a larger and deeper water and steam-drum at the top. 
The furnace is located alongside of the mud-drum, and 
the gases traverse among the tubes in a circuitous manner 
owing to bafflers placed among the tubes. 
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Ques. 132. — How do the gases escape to the stack in 
this boiler? 




Ans. — Extending Ihrough tiio L-^nter nl the annular 
drum at the top is a flue through which the products of 
combustion find their way to the uptake. 
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Qucs. 133.— Of what form is the Wickes boiler? 

Ans. — The Wickes boiler consists of upper and lower 
vertical drums connected by vertical tubes. The furnace 
is external. 



Fio. 22. Th« STimiMG CoiLt*. 

Ques. 134. — What course do the gases take in their 
passage to the stack, in the Wickes boiler? 

Ans. — A thin partition wall of fire-brick is built 
between two adjoining middle rows of tubes. This wall 
causes the gases first to ascend to the top, and then down- 
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wards to the cliimney flue at the bottom and opposite to 
the furnace. 

Ques. 135. — Describe the Stirling boiler. 

Ans. — In the Stirling water-tube boiler there are 
three horizontal steam and water-drums at the top, and 




one water-dnim at the bottom. These drums are con- 
nected by three divisions of inclined and curved tubes, 

Ques. !;((;. — How are the products of combustion led 
from the furnace to the uptake, in the Stirling boiler? 

Ans. — Bafllers of fire-brick arc placed back of the two 
first divisions of tubes. The first baffler causes the gases 
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to ascend to the top of the first division of tubes; the 
second baffler deflects the gases downwards, around and 
among the tubes of the second division. The draught is 
then upwards again, surrounding the tubes composing 
the third division, thence to the stack. 




FiC. 24. The NiCuuuK Boilu. 



Ques. 137. — Describe the Thornycroft boiler. 

Ans. — The Thornycroft boiler is adapted for use on 
torpedo boats and high-speed yachts. A large horizontal 
steam-drum at the top is connected to a water-drum at 
the bottom by two groups of curved tubes of small 
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diameter. The grates are located on each side of tlie 
water -drum. There are also two smaller drums at the 
bottom, one on each side, connected to the middle drum 
by small pipes. 




Pic 2S. Thi Niclav^sc Boilu— Side ^' 



Ques. 138. — How does the water circulate in this 
boiler? 

Ans. — Down from the lop drum to the middle lower 
drum through special return water-tubes of large 
diameter, and from thence through the .^mailer tubes to 



B2 QUESTIONS AND ANSWERS 

the side drums. From there the water passes up through 
the curved tubes to the upper portion of the top drum, 
where the steam is disengaged. 

Ques. 139. — Describe the Niclausse boiler. 

Ans. — The Niclausse boiler is made up of a series of 
r lightly inclined tubes. These tubes are double, that is, 
one inside the other, and they are connected to the front 
I:eader in such a manner that the colder water flows down 
the inside tubes and returns to the front between the two 
tubes when heated by the action of the fire and hot gases 
on the larger outside tubes. Each vertical row of tubes 
is connected at the front end to a separate header, the 
headers being placed side by side, and all leading into a 
top drum or steam-collector. 

Ques. 140. — How is tlie entenng feed-water at the 
front kept separate from the hot ascending- currents of 
water? 

Ans. — By a diaphragm in the top drum that keeps the 
cooler water separate from the hot water and steam. 

Ques. 141. — IIow are the tubes connected to the 
headers in the Niclausse boiler? 

Ans. — By coned surfaces on the ends of the tubes 
bearing on similar coned surfaces in the headers, and kept 
in contact by outside dogs and nuts. These joints 
appear to cause no trouble by leakage. 

Ques. 142. — Is the Niclausse boiler much used? 

Ans. — It is used to some extent in the British navy, 
and also in several large United States war^-ships. 

Ques. 143. — Of what type is the Normand boiler? 

Ans. — The Normand boiler is a marine water-tube 



TUi: B01L£R 



53 



boiler of the Thornycroft type. The two outer rows of 
tubes are formed into a wall of tubes, and in the vicinity 
of the furnace the tubes are arched upwards in order to 
form a combustion chamber. Back of the furnace the 
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curvature is not so great, although all of the tubes are 
curved more or less, to permit of expansion when heated. 
Ques. 144. — What course do the gases take in this 
boiler? 
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Ans. — The gases proceed from the fire among tlie 
tubes, and traverse the length, of the boiler to the rear 
end, where they pass below a brick deflecting plate to 
the space surrounding those tubes that are less curved. 




Fic. 27. Thi Yakidw BoiLCt. 

Ques. 145. — What other peculiar feature character- 
izes the Normand boiler? 

Alls. — Provision is made for the admission of air 
above the fire. 
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Qucs. 146. — How is this accomplished? 

Ans. — By means of a small air casing at the front and 
back, and a series of small holes one inch in diameter lead- 
ing through the brickwork to the space above the fire. 

Ques. 147. — For what kind of service is the Normand 
boiler mainly adapted? 

Ans. — For torpedo-boat destroyers. 

Ques. 148. — What is the distinguishing feature of the 
Yarrow boiler, among boilers having water-tubes of small 
diameter? 

Ans. — The Yarrov/ boiler lias straight tubes. It also 
has at the bottom on each side a small water-chamber or 
mud-drum with nearly flat tube-plates, into which the 
tubes are expanded. The tubes run in an inclined direc- 
tion from these water-drums to the steam and water- 
drum at the top. 

Ques. 149. In what manner does the water circulate 
in the Yarrow boiler? 

Ans. — Those tubes which receive the most heat con- 
duct the water from the lower drums to the upper drum, 
into which the steam is delivered. Other tubes which 
are cooler carry the water from the upper drum to the 
lower drums. 

Ques. 150. — Describe the Mosher boiler. 

Ans. — The Mosher boiler has two upper steam-drums 
and two lower and smaller water-drums, the water- 
drums being directly underneath the steam-drums. These 
drums are connected by curved generator pipes of small 
diameter, the pipes entering the steam-drums above the 
water-line. 
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Ques. 151. — How does the water find its way from 
the upper to the lower drums? 

Ans. — By means of two external downtake pipes 
4 inches in diameter. The boiler is cased in, the casing 
being lined with fire-brick. 

Ques. 152. — For what class of service is the Mosher 
boiler mainly adapted? 

Ans. — Torpedo boats and high-speed yachts. 




Ques, 153. — Describe the construction of the Almy 
boiler. 

Ans. — It is made principally of short lengths of pipe 
screwed into return bends and into twin unions. At the 
bottom there is a larger pipe or header that surrounds 
the two sides and back of the grates, and there is a 
similar structure at the top, the two headers being con- 
nected by the smaller pipes. 




Ans. — The steam and water are togctlier discliargcd 
from the upper lieader into a separator in front of llip 
boiler, anrj from this separator the steam is drawn, while 
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the separated water and the feed-water pass down 
through circulating pipes to the lower header. 

Ques. 165, — What other peculiar feature attaches to 
this boiler? 




Fic 3D. Tbs Dn Tei 



Ans, — It is provided with a coil feed-water heater 
above the main boiler. 

Ques. 156. — Describe in general terms the Du Temple 
boiler. 
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Ans. — It is of the same general character as the 
Thornycroft type, except that tlie generating tubes dis- 
charge into the steam-drum below the water-line. 

Ques. 15T. — How are these tubes connected to the 
drums? 







Ans. — By cones and ntits. 

Ques. 158.— Is the Du Teinple boiler used to any 
great extent? 

Ans,— Yes; it is useii extensively in the French navy, 
especially on vessels of tiic torpeiio-boat type 

Ques. 159. — Describe Reed's boiler. 
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Ans.— This boiler resembles the Du Temple boiler. It 
has the usual top collector drum, and two lower drums 
with curved generating pipes connecting them. 

Ques, lliO. — How are the tubes attached to the 
drums? 




Fig. 32. Tui SiAtuiy Boileb. 

Ans.^ — By screwed connections at each end, with 
nuts inside the chambers. 

Ques. IGl. — How are the (jases caused to traverse 
the heating surface in this boiler? 

Ans. — By means of diaphragms fitted to the tubes. 

Ques. 1G2. — What class of service is this boiler 
largely used in? 
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Ans. — British torpedo-boat destroyers, and also on 
third-class cruisers. 

Ques. 163. — Describe the Seabury boiler. 

Ans. — The Seabury boiler has three lower water- 
drums, the middle drum being smaller than the two out- 
side drums. These drums are connected to one large 
steam and water-drum above by curved pipes of small 
diameter and the furnace is divided into two sections by 
the central nest of pipes. Above the boiler tubes and 
inside the casing there is a coil feed-water heater. 

Ques. 164. — Describe the latest type of Belleville 
boiler? 

Ans. — The Belleville boiler is a water-tube boiler, and 
is of extensive use on large ships. It is made up of two 
distinct series of straight tubes, larger in diameter than 
those of the curved type. These tubes are placed nearly 
horizontal, each alternate horizontal row being slightly 
inclined in the opposite direction to the row above it. 
The generator proper has a water-chamber below and a 
steam-drum or chamber on top, and the zigzagged tubes 
are connected to these respective chambers. 

Ques. 165. — What kind of a furnace has this boiler? 

Ans. — A rectangular brickwork furnace inclosed in a 
steel casing, and the generating tubes are placed directly 
over the grates, the bottom row of tubes being about two 
feet above the grates. Baffle plates are secured at inter- 
vals among the tubes for the purpose of causing the hot 
gases to traverse the whole of the heating surface. 

Ques. 166. — How is circulation of the water secured 
in the Belleville boiler? 
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Ans. — By means of external return water-pipes, one 
on each side connecting the ends of the top drum with 
the lower water-chamber, the cooler water thus passing 
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down through these pipes into the lower drum, and from 
thence the heated water passes up through the generating 
tubes, discharging into the top drum, where the steam is 
disengaged. 

Ques. 167. — What are the usual dimensions of the 
generating tubes? 

Ans. — Four and one-half inches in diameter and seven 
feet six inches in length. The ends are connected by 
being screwed into malleable cast-iron boxes. 

Ques. 1(>8. — How is the economizer or feed-water 
heater attached to this boiler? 

Ans. — It is placed directly above the generator, a 
space called the combustion chamber being left between 
the two series of tubes. The tubes of the economizer are 
smaller, being 2^ inches in diameter. The general form 
of the economizer resembles that of the generator. 

Ques. 1()0. — What is the course of the feed-water in 
this boiler? 

Ans. — It enters the bottom of the economizer and is 
forced upwards to and fro through the zigzagged tubes 
to the top, and from thence it falls to the bottom of the 
hot water collector at the top, and then flows to the 
return pipes, through which it passes to the generator. 

Ques. 170. — Mention another pecuHar feature of this 
boiler. 

Ans. — An automatic feed-regulating device worked 
by a float in a chamber acting upon the feed-valve. 

Ques. 171. — Is the Belleville boiler an economical 
boiler? 

Ans. — It is; an actual evaporation of from 9.3 pounds 
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to d.9 pounds of water per pound of coal having been 
c^tained under test, with the feed-water at a temperature 
of 68 degrees. 

P^ ctmnecteil to 
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CHAPTER m 

BOILER CONSTRUCTION 

Ques. 172. — What is the best material to use in the 
construction of the shell of the boiler? 

Ans. — Open-hearth steel, having a tensile strength of 
from 55,000 pounds to 60,000 pounds per square inch. 

Ques. 173. — What is meant by the expression tensile 
strength (T. S.)? 

Ans. — The expression 60,000 pounds tensile strength 
means that it would require a pull of 60,000 pounds iii 
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Fig. 35. Test Piece. 



the direction of its length to break a bar of the material 1 
inch square, or 2 inches wide by Yi inch thick, or 2.67 
inches wide by H inch thick. 

Ques. 174. — How are steel sheets for boiler construc- 
tion tested? 

Ans. — A small piece, called a test piece, is cut from 
each sheet and placed in a testing machine. 

Ques. 175. — What is the working test for steel boiler 
sheets? 

Ans. — A piece from each sheet is heated to a d^rl^ 
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cherry red, plunged into water at 60^ temperature, and 
bent double cold under the hammer, such piece to show 
no flaw or crack after doubling. 

Ques. 176. — Of what material should the tubes of 
fire-tube boilers be made? 

Ans. — A good quality of homogeneous iron. 

Ques. 177. — What is the working test for boiler tubes? 

Ans. — They should show no flaw when expanded into 
the flue-sheet and beaded. 






Fig. 36. Crow Foot Braces. 



Ques. 178. — What should the specifications be regard- 
ing rivets? 

Ans. — All rivet material should be of good charcoal 
iron, or mild steel, tough and soft. Test, a good rivet 
should bend double cold, without showing fracture. 

Ques. 179. — Of what material are the tubes of water- 
tube boilers usually made? 

Ans. — Of good charcoal iron or mild steel specially 
prepared for the purpose, and lap welded, or drawn. 
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Ques. 180.— What is the test for tubes from 3J4 to 4 
inches in diameter and No. 10 wire gauge? 

Ans. — A piece V/2 inches in length is cut from one end 
of a tube, and this piece must stand hammering down cold 
vertically without showing a crack or split, when down 
solid. 

Ques. 181. — Of what material should stay-bolts be 
made? 

Ans. — Of iron or mild steel, especially manufactured 
for the purpose. 




Fig. }7. Gusset Stays. 

Ques. 182. — What should be the tensile strength of 
stay-bolt material? 

Ans. — For iron, not less than 46,000 pounds; for steel, 
not less than 55,000 pounds. 

Ques. 183. — What kind of material are braces and 
stays made of? 

Ans. — The material for braces and stays should be of 
the same quality as the best stay-bolt stock. 

Ques. 184. — What is the object sought in staying the 
flat surfaces of a boiler internally? 

Ans. — The object is to strengthen those surfaces 
sufficiently to enable them to withstand the maximum 
internal working pressure to which they will be subjected. 
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Qiies. 185. — Does the cylindrical portion of a boiler 
need bracing? 

Ans. — It does not, for the reason that the internal 
pressure tends to keep it cylindrical. 

Ques. 186. — What is the maximum direct pull per 
square inch of section that may be allowed on braces and 
stay- rods? 
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Ans. — For iron, 0,500 pounds; for steel, 8,000 
pounds; and this point should be kept in view when spac- 
ing the braces. 

Ques. 187. — What is meant by spacing braces? 

Ans. — The distance from center to center that the 
stays are from each other at the point of their connection 
to the stayed surface. 

Ques. 188. — Give an example. 

Ans. — The stays in a certain boiler are spaced 8 inches 
apart, center to center, therefore each stay supports 
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8 X 8=64 square inches. Assuming the working pressure 
to be 100 pounds per square inch, the sectional area of 
each stay should be 1 square inch. 




Pie. ». VCHICAL TOBUtAK BorLM. WITH SuBHMOED TcBlJ. 

Ques 189. — Suppose the working pressure is 250 
pounds per square Inch and the stays are spaced 6 inches 
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center to center, what should be the sectional area of each 
stay? 




Ans. — The pressure to be sustained by each stay woulci 
be 6x6 = 9000 pounds. Assume the stays to be of 
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steel and unwelded, and allowing a direct pull of 7,200 
pounds per square inch, the sectional area of each stay 
should be ?JES = 1.25 square inches; or. if the stays are 
1..T inches smallest diameter, and a direct pull of 8.000 
pounds per square inch of section is allowed, they may be 
spaced T inches, center to center. 

Ques. 190, — Of what forms are boiler stays usually 
made? 

Ans. — For low-pressure boilers, crow-foot stays; for 
high-pressure boilers, through stay-rods and gusset-stays. 




Ques. 191. — Where are stay-bolts used? 

Ans. — In fire-box boilers, and all boilers of the loco- 
motive type, to tie the fire-box to the external shell. 

Ques. 192.— How are sta^ -bolts applied? 

.\ns.^.\ continuous thread is cut on the stay-boll rod, 
the same tliread being also tapped m tiie holes in the 
external plate, and the inside sheet. The steel stay-bolt 
is then screwed through the plates and allowed to project 
far enough at each end to permit of its being riveted down 
cold. 
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Ques. 193. — What is the principal cause of the break 
ing of stay-bolts? 

Ans. — The unequal expansion of the sheets into which 
they are screwed. 

Ques. 194. — Why are stay-bolts sometimes drilled 
partly through their length? 

Ans. — In order that, if the bolt breaks, the steam or 
water may blow out through the small hole and give 
warning of the break. 

Ques. 195. — Describe the Tate flexible stay-bolt. 





Fic. 42. Tate Flexible Stay Bolt. 

Ans. — The outer head is ball shaped, and is inclosed 
within a socket formed by a sleeve that screws into the 
outer sheet and a cap that screws onto the sleeve. The 
other end of the bolt is screwed into and through the fire- 
sheet a sufficient distance to allow of riveting. 

Ques. 19G. — What is meant by the efficiency of a 
riveted joint? 

Ans. — It is the per cent, of strength of the solid plate 
that is retained in the joint. 

Ques. 197. — What is the efficiency of a properly 
proportioned double riveted butt-joint? 
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Ans. — From 71 to 75 per cent. 

Ques. 198. — What is the efficiency of a properly pro- 
portioned triple riveted butt-joint with inside and outside 
welts or butt-straps? 

Ans. — From 85 to 88 per cent. 




Fig. 43. Tate Flexible Stay-Bolt, Unthreaded. 

Ques. 199. — Where is the weakest portion of tlie triple 
riveted butt-joint? 

Ans. — At the outer row of rivets. 

Table 4 





Table of Diameters of Rivet? 


* 


Ttalckness of 
PUtt« 


Diameter ot Rivet 


ITiickness of Plate 


Diameter of Rivet 


V4 inch 
'/>• " 


V2 inch 
•/„ " 
"/„ " 


%6 inch 
1 *' 


Vg inch 

IV16 " 
. IV4 " 



^Machine design— W C. Unwin. 



Ques. 200. — What percentage of efficiency may be 
retained in a properly designed quadruple riveted butt- 
joint having both inside and outside butt-straps? 

Ans. — 94 per cent. 
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Ques. 201. — Where is the weakest portion of such a 
joint? 

Ans. — At the outer row of rivets. 




Ques. 202. — How may boiler hcails be constructed 
which will not require to be stayed? 

Ans. — By being dished, or "bumped up." 




t'la. 4S. TiiptK RivET«n 



Ques. 203.— What is the depth of dish, as adopted by 
steel- plate manufacturers? 
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Ans. — One eiehth of the diameter of the head, when 
flanged. 

Ques. 301. — What should be the thickness of the head 
as compared to the thickness of the shell? 




Llovil's rules, con.iciised, arc as follows: 
Lloyd's Rules — TmiKNC-iS of I'l-xte and Diameter of Rivets 



Thlckn™ of 


Ihlmc 


„., 


T»i,;, 


«.f 


»,.™.,„„r 


■■g inch 


•ii 


ch 


la^^ 


ncli 


:? 


inch 


H ■; 


4 
'> 




"h* 




1 

1 


;; 



Ans. — The heads should be as thick, or slightly thicker, 
than the shell plate. 
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Ques. 205. — What method other than riveting may 
be, and sometimes is employed in the formation of boiler 
seams? 

Ans. — Boiler seams may be welded if the material 
from which the plates are rolled is of the best, and great 
care and skill are exercised. 

Ques. 806. — Mention two of the advantages possessed 
by welded seams over riveted seams? 

Table 5 

Proportions of Triple-riveted Butt Joints with Insidb and 

Outside Welt 



Thickness of 


DUmeter of 


Pitch of 


Pitch of 


Efficiency 
Percent 


Plate 


Rivet 


Rivet 


Outer Rows 


Inches 


Inches 


Inches 


Inches 


»/. 


"/i. 


3.25 


6.5 


84 


Vi, 


"/.. 


3.25 


6.5 


85 


V. 


"/.. 


3.25 


6.5 


83 


•/,. 


V. 


3.50 


7.0 


84 


•/. 


1 


3.50 


7.0 


86 


>u 


iVi. 


3.50 


7.0 


85 


V. 


IV. 


3.75 


7.5 


86 


1 


1V« 


3.87 


7.7 


84 



Ans. — First, a good welded joint approaches more 
nearly to the full strength of the material than can 
possibly be attained by rivets, no matter how correctly 
designed the riveted joint may be; second, the welded 
joint, having a smooth surface inside the boiler, is much 
less liable to collect scale and sediment than is the riveted 
joint. 

Ques. 207. — Why should the longitudinal or side 
seams of a boiler be stronger than the girth or round- 
about seams? 
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Ans.— ^Because the force tending to rupture the boiler 
along the line of the longitudinal seams is proportional 
to the diameter divided by two, while the stress tending 
to pull it apart endwise is only one-half that, or propor- 
tional to the diameter divided by four. 

Ques. 208. — What is the formula for ascertaining 
the bursting pressure of a boiler? 

TSXTXE _^ . , . . 
Ans. — p — B, m which 

T S = Tensile strength 
T = Thickness of sheet 
E = Efficiency of joint 
R = Radius (one-half the 

diameter) 
B = Bursting pressure 
Ques. 209. — How is the safe working pressure of a 
boiler ascertained? 

Ans. — First calculate the bursting pressure, then 
divide this by the factor of safety, which usually is five, 
although in some instances a safety factor of eight is used. 
Ques. 210. — In addition to the regular bracing and 
staying, how are the heads of return tubular and Scotch 
marine boilers greatly reenforced? 

Ans. — By the tubes, which are expanded into the 
heads and beaded down on tlie ends. 

Ques. 211. — Are the tubes always expanded into the 
tube-sheets? 

Ans. — They are in fire-tube boilers. In some forms 
of water-tube boilers the tubes are screwed into the 
headers or chambers. 
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Ques. 212. — What type of furnace is largely used in 
internally fired boilers? 

Ans. — ^The Morison corrugated furnace. 

Ques. 213. — Mention three advantages gained by the 
use of corrugated furnaces. 

Ans. — First, the corrugations (if properly made) add 
great rigidity and strength to resist the crushing strain to 
which the furnaces are subjected; second, there is more 
heating surface in a corrugated than in a smooth surface; 
third, the alternate expansion and contraction of the 





Fig. 47. Section op Tube Expanded into Sheet. 

corrugated surface tends to loosen any scale that may 
form on the surface inside the boiler. 

Ques. 214. — In regard to riveted seams, which is the 
better method, to drill or to punch the rivet-holes? 

Ans. — The rivet-holes should be drilled. In good 
boiler work this method is now always followed. 

Ques. 215. — What other important point should be 
kept in view in joining the plates of a boiler? 

Ans. — To get the joint tight without caulking, or at 
least with as small an amount of caulking as possible. 
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Qiies. 210,— Mention some of the injurious efEects of 
excessive caulking. 

Ans. — First, it is one of the most fruitful causes of 
grooving along the edges of the seams; second, it tends 
to raise the edge of the plate that is caulked, thereby 
causing looseness at the joint. 

Ques, SIT. — What other very important point should 
be secured in the construction of the boiler? 

Ans. — The rivet-holes in the plates should come fair 
before the rivet is put in. 




Ques. 218. — If the rivet-holes do not come fair what 
should be done with them? 

Ans. — They should he made exactly true by the use of 
a rimer. 

Ques. 219.— What should not be done with the rivet- 
holes in case they do not come fair? 

Ans. — They should not be drifted. A drift-pin is 
often the primary cause of starting a crack in a sheet. 

Ques. 220 — What can be said generally concerning 
the construction of a boiler, especially one intended fur 
high pressures? 
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Ans. — Only the best material should be used, and 
fifreat care and skill should be exercised in all the detail 
of assembling it. 

By reference to Chapter I, Part 2, of Swingle's 
* 'Twentieth Century Hand Book for Engineers and Elec- 
tricians," the student will be enabled to obtain much 
more detailed information concerning boiler construction, 
the strength of riveted joints, bracing and staying, 
strength of material, etc., as all of these important feat- 
ures are dwelt upon at length and fully discussed. 



CHAPTER IV 

BOILER SETTINGS AND APPURTENANCES. 

Ques. 221. — What kind of a setting is required for 
internally fired boilers? 

Ans. — First, a good solid foundation, second, the 
boiler should be covered with non-conducting, non>com- 
bustible material of some sort, to prevent radiation of 
heat, and the whole should be encased in a sheet-metal 
jacket. 












Fig. 49. Plan and Elevation op Boiler Setting. Showing Aii Spaces. 

Ques. 222. — W^at kind of a setting is required for 
horizontal tubular and water-tube boilers? 

Ans. — Brick walls with an inner lining of fire brick. 
When the boiler is supported by lugs resting upon 
the walls, a heavy iron plate should be imbedded in the 
brickwork, for each lug to rest upon. The walls should 
also be tied together, both endwise and transversly, by 
iron rods not less than 1^4 inch in diameter, extending 
clear through in both directions, the bottom rods to be 
laid in place as the walls are being built. These rods are 
to have a thread and nut on each end, and are secured 

6 81 
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to heavy cast or wrought iron bars called buck stays, 
placed vertically against the outside of the walls. 

Ques. 223. — How may boiler walls be greatly pro- 
tected from the injurious action of the heat? 

Ans. — By leaving an air-space of 2 inches between the 
fire-brick lining and the outer wall, beginning at the 
level of the grate bars and extending as high as the cen- 
ter of the boiler. Above this height the walls should be 
solid. 



-4 




Fig. so. Clamp for Back Arch. 

Ques. 224. — What is the duty of bridge-walls and 
bafflers? 

Ans. — To present a hot surface for the unconsumed 
gases to impinge against, and also to divert the gases 
towards the heating surface of the boiler. 

Ques. 225. — How may a good and durable back arch 
for a horizontal tubular boiler be constructed? 

Ans. — Take flat bars of iron ^ inch thick by 4 inches 
in width, cut them to the proper length, bend them to the 
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shape of ao arch, and turn 4 inches of each end back at 
right angles. The damp thus fonned is to be filled with 
a course of side arch fire-brick| and will form a complete 
and self-sustaining arch 9 inches wide and with sufficient 
spring to cover the distance between the back wall and 
the back head of the boiler above the tubes. Enough of 
these arches should be made so that when laid side by 
side they will cover the distance from one side wall to 
the other, across the rear end of the boiler. 





Pic. 51. Back Arch Completk. 

Ques. 226. — What advantages do this form of back 
arch possess over the ordinary flat cover? 

Ans. — First, it can come and go with the expansion 
and contraction of the boiler; second, it always maintains 
a practically air-tight cover at this important point; 
third, in case of needed repairs to the back end of the 
boiler the sections may be easily removed, one at a time, 
and when the repairs are completed they may be reset with 
very small expense. 
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Ques. 227. — Give an easy rule for ascertaining the 
dinsensions of the grates. 

Ans. — For a horizontal tubular, the length of the 
grates should equal the diameter of the boiler. The 
width depends upon the construction of the furnace. If 
the fire-brick lining is built perpendicular, the width of 
grate will also equal the diameter of the boiler, but if 




Pic. 52. Back Aich in Place. 

the lining is given a batter of 3 inches, starting at the 
level of the grates, then the width of grate will be 6 
inches less. 

Ques. 228.— What is the ordinary ratio of grate sur- 
face to heating surface for land boilers, with natural 
draught? 

Ans. — One square foot of grate surface to every 36 
square feet of heating surface. 



Ques. 329. — What ratio of grate surface to heating 
surface is usually chosen with forced draught? 

Ans. — One square foot of grate surface to 40 square 
feet of heating surface, and in some instances the ratio 
is as high as 1 to oO. 

Ques, 230. — How many different styles of grate-bars 
are in general use? 

Ans.— Four; first, the common stationary grate, 
consisting of a plain cast-iron bar tapered in cross 




section and having small projections cast on the sides to 
keep the bars apart a sufficient distance; second, herring- 
bone grates, consisting of channel-shaped cast-iron bars 
having V-shaped openings on top to allow the air to pass 
through to the fire; third, shaking or rocking grates, 
fourth, dumping grates, 

Ques. 231. — What percentage of the total grate area 
is usually allowed for the admission of air through the 
grates? 



Ans. — From 30 to 50 per cent, depending upon the 
kind of coal used. 

Ques. 232, — What is the heating surface of a boiler? 

Ans. —All the surfaces that are in contact with and 
covered by water on one side and surrounded by flame or 
hot gases on the other side. The areas of these surfaces 
are estimated in square feet and added together. 







U'Cl»v( 
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Ques. 233. — Is it possible to estimate the horse-power 
of a boiler from its heating surface? 

Ans. — It is in a general way, but not accurately. 

Ques. 234. — How many square feet of heating surface 
are usually allowed per horse-power? 

Ans. — From 10 to 16 square feet, depending entirely 
upon the type of boiler. 

Ques. 235. — Give some examples. 
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Ans. — For water-tube boilers 10 to 12 square feet of 
heating surface; for horizontal fire- tube, 12, for vertical 
fire-tube, 12 to 15, and for locomotive boilers, 12 to 16 
square feet of heating surface per horse-power. 

Ques. 236.— Why this difference? 

Ans. — Because the heating surface is more effective 
in some types of boilers than it is in others. 

Ques. 237. — What is the rule for calculating the heat- 
ing surface of a horizontal tubular boiler? 

Ans. — Taking the dimensions in inches, multiply two- 
thirds of the circumference of the shell by its length. 
Multiply the inside circumference of one of the tubes by 
its length, and this product by the number of tubes. Add 
these two products together, and to this sum add two- 
thirds of the combined areas of both tube-sheets and 
from this latter sum subtract twice the combined sec- 
tional areas of all the tubes. The result will be the 
heating surface in square inches, which, divided by 
144, will give the number of square feet of heating 
surface. 

Ques. 238. — What is the rule for finding the heating 
surface of vertical fire-box boilers? 

Ans. — Multiply the circumference of the fire-box by 
its height above the grate. Find the heating surface of 
the tubes by the process given in the former rule and add 
these two products together, and to this add the area of 
the lower tube sheet. From this sum deduct the sectional 
area of all the tubes. The dimensions having been taken 
in inches, the result should be divided by 144 to ascertain 
the number of square feet of heating surface. 
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Ques. 239. — Why is the inside circumference of the 
tubes taken? 

Ans. — Because in fire-tube boilers this is the portion 
that is directly exposed to the heat. 

Ques. 240. — Why are the combined sectional areas of 
the tubes subtracted from the area of that portion of the 
tube-sheets that is exposed to the heat. 

Ans. — Because the effective heating surface of a 
tube-sheet is the surface remaining after the areas of the 
openings through the tubes is deducted. 

Ques. 241. — What is implied in the expression **a 
3-inch boiler tube?" 

Ans. — It means a tube 3 inches in external diameter. 

Ques. 242. — Such being the case, which diameter 
should be considered in calculating the heating surface of 
fire-tubes? 

Ans. — Only the inside diameter, which equals the out- 
side diameter minus twice the thickness of the tube. 

Ques. 243.^— In calculating the heating surface of the 
tubes of water-tube boilers which diameter should be 
taken? 

Ans. — The outside diameter, for the reason that the 
outside circumference is exposed to the heat. 

Ques. 244. — How is the heating surface of a water- 
tube boiler ascertained? 

Ans. — Much depends upon the style of boiler. A 
general rule and one that will apply in all cases, is to 
multiply the outside circumference of one of the tubes by 
its length, and this product by the number of tubes that 
are of a similar length and diameter. If there are vari- 
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ous sccti(Mis of tubes of varying leneths, the beating 
surface of each section must be ascertained separately 
and the whole added together. To this sum nrast be 
added the combined areas of those portions of the headers 
that are directly exposed to the heat, havine first deducted 
the sectional area of the tubes. All of those portions of 
the steam and water-drums that are directly exposed to 
the heat should be estimated as heating surface also. 




Ques. 245. — What is the rule for ascertaining the 
heating surface of a Scotch boiler^ 

Ans.^The grates being set in the large main flues, 
only one-half of each flue area is available as heating 
surface. The following rule applies: To one-half the 
combined area of the niain flue add the area of one head 
between the grate and water-line, minus the total cross- 
section of the tubes, plus one-half the cross-section of 
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main flues, plus the combined inside area of the tubes, 
plus the inside area of the combustion chamber. 

Ques. 246. — Give the rule for finding the heating 
surface of a corrugated flue. 

Ans. — Multiply the average inside diameter in feet by 
the length of the flue in feet, and this product by the 




Fic. 57. 

Shows another variety, the air being admitted throuKh holes at the bottom of 
the wroucht-8teel door proper, a perforated inner cast-iron plate being fitted to 
shield the door. The wrought-steel furnace frame which carries the door also 
has an inner shield plate of cast-iron perforated with holes. 

constant 4.93. The result is square feet of heating 
surface. 

Ques. 247. — What is the duty of a safety valve? 

Ans. — To automatically relieve the boiler of all 
pressure above a certain prescribed working pressure by 
allowing the surplus steam to escape into the atmosphere. 

Ques. 248. — If a boiler had no safety valve, or if the 



BOILER SrTTINI^S AND Al'PURTEN.WlT.S 1)1 

safety valve should refuse to work, and alt other exit 
from the boiler be closed, and heat continuously applied, 
what would be the result? 

Ans, — An explosion must of necessity occur. 




Fio. 58. Por VA1.VC. 

Ques. 249. — How many types of safety valves are 
in use? 

Ans, — Two; the lever safety valve, and the spring- 
pop safety valve. 

Ques. 250. — Which is the best adapted to all kinds of 
service? 

Ana. — The spring- loaded pop safety valve is, for tfie 
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reason that any inclination of the boiler, such as that 
caused by the vessel's pitching and rolling in a heavy sea, 
does not interfere with the working of a spring-pop valve. 




Fio. 59. IHEIKE ^'lEw ot A Par SaWx Vuvi. 

while on the other hand the leverage of a weighted lever 
valve decreases with any inclination of the boiler that 



BOILER SETTINGS AND APPLTRTEXANCES 93 

would momentarily put the lever in an inclined position, 
Ques. 251. — What is the United States marine rule 

for determining the area of lever safety valves for boilers? 
Ans — "Lever safety valves to be attached to marine 

boilers shall have an area of not less than 1 square inch to 




every 2 square feet of grate surface in the boiler, and the 
seats of all such safety valves shall have an angle of 
inclination of 45 degrees to the center line of their axis." 
Ques. 252. — What is the rule regarding spring pop 
safety valves? 
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Ans. — ^Three square feet of grate surface are allowed 
to each square inch of safety-valve area. 

Ques. 253. — What other and more reliable method is 
there of calculating safety-valve area? 

Ans. — The method by which the area of the valve is 
based upon the quantity of steam that the boiler is capable 
of generating. 

Ques. 254. — Why is this method more reliable? 

Ans. — For the reason that the rate of combustion 
varies greatly under different conditions, as, for instance, 
when forced draught is employed, a much higher rate of 
combustion is attained than is possible with natural 
draught. 

Ques. 255. — Do the standard rules given in answers 
251 and 252 hold good for safety-valve areas for all 
pressures? 

Ans. — No; because the rate of efflux for steam 
increases as the pressure increases. Therefore, for the 
higher pressures the total safety-valve area may be 
reduced. 

Ques. 25(). — What should be the lift of a safety valve 
in order to allow the proper area of escape? 

Ans. — One-fourth of the diameter of valve. 

Ques. 257. — What is the rule for ascertaining the 
pressure at which a lever safety valve will lift when the 
weight and its distance from the fulcrum are known, as 
also the effective weight of the valve, stem, and lever? 

Ans. — Multiply the weight by its distance from the 
fulcrum. Multiply the weight of th.e valve and lever by 
the distance of the stem from the fulcrum, and add to the 
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former product. Divide the sum of the two products by 
the product of the area of the valve multiplied by its dis- 
tance from the fulcrum. The result will be the pressure 
in pounds at which the valve will lift. 

Ques. 258. — What is the rule for finding the distance 
that the weight should be placed from the fulcrum for a 
required pressure? 

Ans. — Multiply the area of the valve by the pressure 
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at which it is desired to have it lift, and from this product 
subtract the effective weight of the valve and lever. 
Multiply the remainder by the distance of the stem from 
the fulcrum, and divide by the weight. The quotient will 
be the required distance. 

Ques. 259. — What is the rule for ascertaining the 
weight required when all of the other factors are known? 



96 



QUESTIONS 



Ans. — Multiply the area of the valve by the pressure, 
and from the product deduct the effective weight of the 
valve and lever. Multiply the remainder by the distance 
of the stem from the fulcrum and divide by the distance 
of the ball or weight from the fulcrum. The quotient 
will be the required weight in pounds. 




Ques. SfiO. — What can be said in general regarding 
the safety valve? 

Ans. — It is one of the most useful and important 
adjuncts of a steam boiler, and if neglected, serious 
results are apt to follow. 

Ques. SGI, — Mention the two standard methods of 
supplying the feed-water to boilers under pressure? 

Ans. — First, by the feed-pump: second, by the 
injector. 
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Ques. 262. — What advantage has the feed-pump over 

the injector? 

Ans. — The advantage of being able to draw its supply 
of water from a heater, in which the exhaust steam is 
utilized for heating the feed-water before it enters the 
boiler. Great economy in fuel is thereby effected. 

Ques. 2G3. — What is a duplex pump? 

Ans. — A duplex pump consists of two steam-cylinders 
and two water- cylinders, each having the necessary 
pistons and valves. The steam-valves of one side are 




operated by the otiier side, and vice versa. Both water 
cylinders discharge into the same main. A common 
suction main serves both water-cylinders also. 

Ques. 264. — If one aide of a duplex pump becomes 
disabled from any cause, how may the other side be 
operated for the time being? 

Ans. — Loosen the nuts or tappets on the valve-stem of 
the broken side and place them far enough apart so that 
the steam-valve will be moved through only a small por- 
tion of its stroke, thereby admitting only steam enough to 
move the empty steam-piston and rod, and thus work the 
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steam-valve of the Temaining side. The packing on the 
piston-rod of the broken side should be screwed up 
tightly, so as to create as much friction as possible, there 
being no resistance in the water end. In this manner the 
pump may be operated for several days or weeks, and 
thus prevent a shut-down. 




Ques. 265. — How is the velocity of flow, or piston- 
speed per minute of a pump ascertained? 

Ans. — Multiply the number of strokes per minute by 
the length of stroke in feet, or fractions thereof. This 
will give the piston-speed in feet per minute. 

Ques. 26G. — How is the velocity of flow in the dis- 
charge-pipe ascertained? 

Ans. — Divide the square of the diameter of the water- 
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cylinder in inches by the square of the diameter of the 
discharge- pipe in inches, and multiply the quotient thus 
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known, how may the number of cubic feet discharged 
per minute be ascertamed? 

Ans. — Multiply the area of the pipe in square inches 
by the velocity in feet per minute, and divide by the con- 
stant H4. The result will be the number of cubic feet of 
water or other fluid discharged per minute. 

Qiies, 2ijS. — IIow may tlie required size and capacity 
of feed-pump for a certain boiler be ascertained? 




Ans. — Multiply the number of square feet of grate 
surface by the number of pounds of coal it is desired to 
bum per hour per square foot of grate. This will give 
the total coal consumed per hour, which, multiplied by the 
number of pounds water evaporated per pound of coal 
will result in the total number of pounds water required 
per hour. 

Ques. 269. — How may the required size of the feed- 
pump be ascertained from the number of square feet of 
heating surface? 
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Ans. — Allow a putnp capacity of 1 cubic foot of water 
per hour for each 15 square feet of heating surface. 

Ques. 270. — How can an injector lift and force water 




into the boiler against the same or even hiEher pressure 
than the pressure of the steam supplied to the injector? 

Ans. — An injector works because the steam imparts 
sufficient velocity to the water to overcome the pressure 
in the boiler. 
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Ques. 271. — What is the velocity of a jet of steam 
under 180 pounds pressure issuing from a nozzle? 

Ans. — About 3,G00 feet per second. 

Ques, 272.— What is the velocity of a jet of water 
under a pressure of li^U pounds issuing from a nozzle? 




Ans. — Only 164 feet per second, 

Ques. 273. — Why does the steam have so tmidi 
greater velocity than the water, when the pressure in both 
instances is the same? 
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Ans. — Because of the latent heat that is stored in the 
steam. 

Ques. 274. — ^What is the purpose of the combining 
tube in an injector? 

Ans. — ^To brine the jet of steam and the jet of water 
into close contact in order that the steam may be con- 




WATER 
CONNECTlQIr 



Fig. 69. Water Column. 

densed and the size of the jet reduced sufficiently to allow 
it to enter the delivery tube, which is of smaller diameter 
than the combining tube. 

Ques. 275. — What is the velocity of the combined jet 
of water and condensed steam as it leaves the combining 
tube and enters the delivery tube, assuming the steam- 
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pressure in the boiler to be 180 pounds per square 
inch? 

Ans. — 198 feet per second. 

Ques. 276. — What velocity is actually needed to cause 
the jet to enter the water-space of the boiler carrying 180 
pounds pressure? 

Ans. — Only 164 feet per second. The excess of 
34 feet per second imparted to the velocity of the jet 
serves to overcome the friction of the feed-pipe and 
the resistance of the main check-valve. 

Ques. 277. — In general terms, then, to what is the 
action of the injector due? 

Ans. — The action of the injector is due to the high 
velocity with which a jet of steam strikes the water enter- 
ing the combining tube, imparting to it its momentum 
and forming with it during condensation a continuous jet 
of smaller diameter, having sufficient velocity to over- 
come the pressure in the boiler. 

Ques. 278. — What is the object in fitting a boiler with 
a check-valve in the feed-pipe? 

Ans. — A check-valve is for the purpose of preventing 
the water in the boiler from backing up into the feed 
main and feed-pump. 

Ques. 279. — Where should the check-valve be located? 

Ans. — In the feed-pipe, as near to the boiler as 
possible. 

Ques. 280. — For what purpose are gauge-cocks and 
water-gauge glasses? 

Ans. — They are for the purpose of indicating the 
height of the water in the boiler while it is under pressure. 
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Ques. 281. — Describe the construction and operation 
of a glass water-gauge? 

Ans. — A water-gauge, otherwise known as a water 
column or combination, is a cast-iron or brass cylinder 
connected to the steam-space of the boiler at the top, and 
to the water-space near the bottom. The normal position 
of the safe water-level is near the middle of the water- 







column, into one side of which are screwed brass fittings 
for the glass tube or water-glass, which is a strong tube 
of special manufacture. Each end of this tube passes 
through a stuffing box in the brass fittings. The joint 
is made steam tight by a rubber ring that fits around 
the tube and is compressed by a follower screwed onto it. 
The fittings that connect the water-column with the boiler 
are, or at least should be, equipped with automatically 
closing bail valves which will act in case the gauge-glass 
breaks. 
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Ques. 282. — Where are the gauge-cocks or test-cocks 
usually connected? 

Ans. — ^They are usually connected to the water-column 
cylinder in such a position that the lowest one is at the 
desired water-level, one a few inches above that, and the 
third near the highest point of the heating service. These 
test-cocks should be opened several times a day in order 
to keep them clear for use in case the gauge-glass breaks. 

Ques. 283. — What is liable to happen to the water- 
column? 

Ans. — Unless the water and sediment are frequently 
blown out of it through the valve at the bottom provided 
for this purpose, the tubes and connections will become 
clogged, thus preventing a free circulation of the water, 
and the true water-level in the boiler will not be indicated 
as it should be. 

Ques. 284. — What is a fusible plug? 

Ans. — A fusible plug is a 1-inch brass pipe threaded 
plug, having its center drilled out to a diameter of not 
less than /^ inch, and the hole filled with Banca tin or 
other fusible metal. 

Ques. 285. — Where should a fusible plug be attached 
to a boiler? 

Ans. — A fusible plug should always be attached to 
that portion of the boiler that is first liable to become 
overheated on account of the water-level becoming too 
low. 

Ques. 286. — Mention some proper locations for fusible 
plugs in various types of boilers? 

Ans. — The back head of a horizontal tubular boiler, 
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about 3 inches above the top row of tubes, the crown- 
sheet o( a horizontal fire-box boiler; the lower tube-sheet 
of a vertical boiler, or sometimes in one of the tubes a 
few inches above the tube-sheet; in the lower side of the 
upper drum of a water-tube boiler. The fusible metal 
which fills the center of the plug is of con- 
ical form in order to prevent its being blown 
out by the pressure behind it. On the other 
hand, the melting point of this fusible metal 
is such that when the water falls below it, 
and the steam under pressure in the boiler 
comes in contact with it, the metal is melted 
and runs out, thus allowing the steam to 
escape through the hole and give the alarm. 
If the melted plug ii located in the crown- 
bo h caping 
cam and a er will 
1 en h he hre and 
h s e sen h danger 
b n ng h sheet. 
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Ques, 287. — For what purpose is a steam-gauge 
attached to a boiler? 

Ans. — For the purpose of indicating the number of 
pounds pressure per square inch in the boiler. 
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Ques. 888, — What type of steam-gauge is in most 
general use? 

Ans, — The Bourdon spring tube gauge, 

Ques. 289. — Describe the construction of this gauge, 
and the principle upon which it operates? 

Ans, — The Bourdon gauge consists of a thin, curved, 
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flattened metallic tube closed at both ends and connected 
to the steam-space of the boiler by a small pipe bent at 
some portion of its length into a curve or circle that 
becomes filled with water of condensation, and thus pre- 
vents the live steam from coming directly in contact with 
the tube or spring, while at the same time the full 
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Qiies. 290. — How should steam-gauges be cared for? 

Ans. — They should be tested frequently by comparing 
them with a gauge that has been tested against a column 
of mercury. 

Ques. Sfll. — How should the steam-space of the boiler 
be connected to the main steam-pipe or header? 

Ans. — There should be a steam stop-valve placed in the 
connection between the boiler and the header. The valve 




used for this purpose is usually an angle-valve, and 
should be constructed so as to close automatically, 
especially in a battery of two or more boilers. 

Ques. '«;U2. — Why should this valve be self-closing in 
case the pressure in the header is higher than the pressure 
in the boiler? 

Ans. — In order that in case of an accident to one of a 
battery of boilers the steam may be prevented from pass- 
ing out of the header and into the disabled boiler. 
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Ques. 293. — Describe the construction and operation 
of an automatic steam stop-valve. 

Ans. — The valve is opened and closed by means of a 
screw-stem passing out through the stuffing box, and 
fitted with a hand-wheel outside. In large-size valves this 
screw-thread is carried in a strong yoke outside the cas- 
ing. The pressure from the boiler is on the under side of 

the valve-disk, thus tending 
to open it. The stem or 
spindle is independent of the 
valve, and is hollow to allow 
a smaller size sliding spin- 
dle connected to the valve 
to pass into it. This spin- 
dle serves to guide and hold 
the valve steady, while at 
the same time the valve is 
free to close automatically 
any time that the pressure 
in the main exceeds the 
pressure in the boiler. 

Ques. 2i)4. — How is the 

steam admitted to the 
whistle or the steam siren? 

Ans. — Through a special stop-valve, usually of the 
self-closing type, being worked by a spring on the valve. 

Ques. 295. — Describe the action of the steam whistle. 

Ans. — The steam whistle produces its sounri by the 
vibrations of a thin stationary metallic cylinder, under 
the impact of the steam. 




Fic. 76. Section of an Ancle 
Stop- Valve. 



112 



QUESTIONS AND ANSWERS 



Ques. 296. — How does the steam siren produce its 

sound? 

Ans. — By means of the rotations of a small slotted 
wheel which in turning opens and closes narrow slots in 
the casing. 

Ques. 297. — How may the 
passage of water from the 
boiler into the steam-pipe be 
prevented to a large extent? 

Ans. — By means of an in- 
ternal pipe-extension called a 
dry pipe, that collects the 
steam from all parts of the 
steam-space througli narrow 
slots on its upper side. The 
shape of these slots has a 
straining action on the steam. 

Ques. 298.— What is the 
object in equipping a boiler 
with a surface blow-off? 

Ans. — In order that it may 
catch and pass off impurities, 
such as grease, oil, and scum, 
floating on the surface of the 
water. 

Ques. 299. — Describe the construction and operation 
of the surface blow-off. 

Ans. — It is connected to the boiler near the water- 
level, and carries an internal pipe-extension that ends in a 
flat pan, directly below the water-line. It should be 
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Opened quite frequently, especially when muddy water is 
being fed to the boiler. This will allow the accumulated 
scum to pass out. 




Ques. 300. — Wiiere and how should the bottom blow- 
off be connected? 

Ans.^ — -The bottom blow-off should be connected to 
the lowest section of the boiler, and should be fitted with 
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a straight-way valve, or a cock, in order that there may 
be no obstruction to the free passage of the mud and other 
sediment when the boiler is being cleaned. 

Ques. 301. — For what purpose is the hydrometer-cock, 
and where is it located? 

Ans. — In the marine serv- 
ice the water used in the 
boilers is more or less impreg- 
nated with solid matter, and it 
becomes necessary to test the 
density of the water in the 
boilers at certain intervals. 
The liydrometer- cock is for the 
purpose of drawing off a 
quantity of water from the 
B boiler for testing, and is fitted 
to ihe water-space of the 
boiler. 

Ques. 302. — Describe the 
construction and use of the 
hydrometer. 

Ans. — It is an instrument 
having a long, slender stem, 
made of either glass or metal. 
There are two bulbs in the stem. The smaller one is 
loaded and the larger one is hollow and filled with air, 
which gives the instrument buoyancy, and keeps it in a 
vertical position. The stem is graduated in degrees, each 
degree representing the presence of one-tenth the solid 
matter in sea-water. 
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Fig. 79. Hydrometer. 
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Ques. 303. — What proportion of sea-water is solid 
matter? 

Ans. — One thirty-second part. 

Ques. 304. — Upon what principle are the readings 
taken from the hydrometer based? 

Ans. — Upon the principle that when any body floats 
freely, the weight of the liquid displaced is equal to the 
weight of the body floating, so that the higher the density 
of the liquid the less depth will the body sink in it. If the 
instrument sinks only to the zero mark on the scale, the 
water is fresh: if it sinks to 10 degrees, it indicates the 
presence of one-thirty-second part of solid matter, and 
if it sinks to 40 degrees, it indicates a density caused by 
the presence of four times as much solid matter as there 
is in sea-water. 

Ques. 305. — How is the water in the boiler tested 
with the hydrometer? 

Ans. — A quantity of water is drawn off through the 
hydrometer-cock» fitted for this purpose into a long pot, 
into which the instrument is inserted. 

Ques. 306. — How are boiler hydrometers graduated, 
with reference to temperature? 

Ans. — They are usually graduated to suit a tempera- 
ture of 200 degrees Fahrenheit, as that is about the temp- 
erature of the water a few seconds after being drawn off 
for testing. 

Ques. 307. — How are the expansion and contraction 
of steam-pipes provided for? 

Ans. — In the smaller sized pipes a bend can be put in 
the lengfthof pipe that will answer the purpose, but in the 
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large pipes an expansion joint, having a stuffing box for 
the pipe to slide in and out of the adjacent pipe is fitted. 

Qucs. 30S.— Why is it 
necessary to place a sepa- 
rator in the line of pipe 
leading from the boiler to 
the engine? 

Ans. — The object of a 
separator is to provide an 
additional safeguard against 
priming, by preventing any 
water in the steam-pipe 
from entering the cylinder. 
Ques. 309. — Describe 
the ordinary separator. 

Ans. — It is a metal cyl- 
inder larger in diameter 
than the steam-pipe, and 
connected to the pipe near 
the engine, by flange con- 
nections in such a manner 
that the larger portion of 
the separator hangs in a 
vertical position below the 
pipe. It is divided from the 
top nearly to the bottom by 
a diaphragm, and the steam 
Fig. 80. Expansion Joint. enters on one side, near to 

the top, and impinges against the diaphragm, passes 
underneath it, and out on the other side near the top. 
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Any water that reaches the separator is mostly left 
at the bottom, only the steam passing on to the engine 
cylinder. A valve is provided at tlie bottom of the 
separator for drawing off the water. The height of the 
water in the separator is shown by a glass gauge. 

Ques. 310. — Describe the automatic steam separator. 

Ans. — In addition to the 
usual diaphragm, it is fitted 
with an automatic blow-out 
apparatus, having a float that 
is raised as the water accumu- 
lates, and which by a system 
of levers opens a valve of 
large area for drainage. The 
automatic separation also has 
a hand blow-off valve. 

Ques. 311.— What is an 
asbestos-packed cock, and 
where is it used? 

Ans. — An asbestos-packed 
cock has its top and bottom 
glands packed with asbestos, 
while the shell also has longi- 
tudinal grooves found in it which are packed with 
asbestos. These cocks arc very suitable to use on boilers 
and steam piping where high pressures are carried, and 
at locations where cocks are more convenient than valves 
would be. 

Ques. 312. — What are funnel dampers, and for what 
purpose are they attached? 
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Ans. — They are hinged dampers fitted in the uptakes 
leading from the boilers to the funnel, in order that each 
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boiler may be shut off from the draught when not in use, 
and they are also for use when the fires are being cleaned. 
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These dampers should be fitted so that there are no means 
of closing them permanently, but that if released they will 
at once assume the open position. 

Ques. 313.— What are funnel stays? 

Ans. — Wire ropes carried from the top of the funnel 
to the ship's sides, and fitted with adjusting screws for 
the purpose of regulatine the strains. 




Ques. 314. — What precautions should be taken with 
these stays before raising steam in the boilers? 

Ans. — The adjusting screws should be slackened in 
order to allow for the expansion in the length of the funnel 
as it becomes heated. 

Ques. 315. — What is the usual height of the funnels of 
modern vessels? 

Ans. — Ninety to UK) feet, measured 'rom the furnaces. 
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Ques. 316. — For what purpose is the funnel cover? 
Ans. — It is fitted over the top of the funnel for use 
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when the ship is in harbor, or if any of the funnels are not 
in use, in order to prevent rain-water from entering and 
corroding the uptakes. These covers are kept a little 
above the top of the funnel, in order to allow sufficient 
space for the escape of smoke from small fires used for 
airing and warming the boilers while they are lying 
idle. 

Ques. 317. — How is the stoke-hold of a steamer 
ventilated? 

Ans. — When natural draught only is used, screens 
are required to keep the downward current of cool air 
separate from the upward current of warm or vitiated 
air, otherwise the circulation will not be as good as it 
should be. 

Ques. 318. — When forced draught is employed for the 
furnaces, how is the air supplied? 

Ans. — One of the oldest and at the same time most 
expensive methods is to admit a jet of high-pressure 
steam directly from the boilers to the base of the funnel. 
This is known as the steam blast. Another plan of 
using the steam blast is to admit small jets of steam into 
the furnace, over the fire. 

Ques. 319. — What other principal plans for creating 
forced draught are employed? 

Ans. — First, admitting jets of compressed air into the 
base of the funnel, in a manner similar to the steam- jet; 
second, fitting a centrifugal fan in the uptake; third, 
blowing the air into closed ash-pits ; fourth, closing the 
stoke-hold and keeping it filled with slightly compressed 
air. 
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Ques. 320. — Of the plans just mentioned, which one is 
probably the most efficient? 

Ana. — Qosed atoke-holds, although the third plan* 
viz., blowing the air into closed ash pits, is an effidetit 
method, but a certain degree of danger attaches to it, on 
account of the pressure in the furnaces being greater 




than that in tlic stokc-hoM, and unless proper precautions 
are taken before opening the furnace doors for the pur- 
pose of replenishing titc fires, llie flames may be blown 
into the stoke-holi! and serious results follow. 

Ques. .'(31. — Is this latter system of closed ash-pits 
much in vogue? 
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Ans. — It is used to a large extent in the United States 
navy, also many ships of the mercantile marine service. 
The British and other navies also use it to some extent. 

Ques. 323. — How may this system of creating a forced 
draught be made safe, so as to guard against the flame 
being blown into the stoke-hold? 




Ans. — By fitting a device that automatically closes 
the air-supply to the ash-pit when the furnace door is 
opened for firing. 

Ques. 323. — What is the object of providing air-locks 
in the hold of a vessel? 
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Ans. — In order to provide for passage to and from 
the stoke-holds, when under pressure. 

Ques. 324. — Describe the construction and operation 
of an air-lock? 

Ans. — ^An air-lock consists of a small air-tight cham- 
ber fitted with two hinged doors opening against the air 
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Fig. 88. See's Ash Ejector. 

In this apparatus, which is fitted in many large passenger steamers in which 
the raising of ashes on deck is objectionable, the ashes are placed in a trough 
leading to a pipe, a jet of water at a pressure of about 200 pounds per square inch 
from one of the pumps is then admitted, and scours the ashes along the pipe into 
the sea. A small valve is fitted to permit the entry of air into the pipe during 
the discharge. The apparatus is simple and efficient. 
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pressure. In passing through only one door is open at a 
time which makes it possible to enter or leave the stoke- 
hold without allowing much air to escape and thus reduce 
the air-pressure in the stoke-hold. 

Ques. 325. — At what places aboard a ship are air-locks 
necessary? 
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Ans. — At all places where communication is had 
between the compartments under pressure and any other 
part of the ship. 

Ques. 326. — What are the advantages in general 
possessed by closed stoke-holds over other systems? 

Ans. — First, a reduction in the space and weight 
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required by the boilers,' since, by the addition of fans and 
screens, which are light and inexpensive, and supply the 
necessary air under pressure to the furnaces, the boilers 
may be made to develop from 20 to 25 per cent more 
power, than they would with natural draught; second, by 
the employment of blowing fans, a continuous supply of 
fresh air in the stoke-hold is assured and the health and 
comfort of the men working there is much better provided 
for than it would be with natural draught. 

Ques. 327. — How are the ashes raised from the stoke- 
hold to the deck, to be thrown overboard? 

Ans. — By means of the ash-tube and engine; the ash- 
tube leading from stoke-hold to deck, and the engine 
raising the ashes in an ash-bucket, that passes through 
the tube. Another method is by means of the ash-ejector, 
which is simply an inclined tube running from the stoke- 
lold to above the water-line, and overboard. At the 
lower end of this tube is a hopper, into which the ashes 
are shoveled, and at the bottom of this hopper they are 
picked up by a jet of water of high velocity, and forced 
through the inclined tube overboard. 



CHAPTER V 

BOILER OPERATION 

Ques. 328. — What should be the first care of an 
engineer, or water-tender, when he goes on watch? 

Ans. — He should ascertain the exact height of the 
water in his boilers by opening the valve in each of the 
drain-pipes of the water-columns, allowing it to blow out 
freely for a few seconds, then closing it tight, and allowing 
the water to settle back in the glass. 

Ques. 329. — What is one of the important dut es of 
the firemen coming oflf watcli? 

Ans. — ^They should have the fires clean, the ash-pits 
all cleaned out, a good supply of coal on the floor, and 
everything in good condition for the oncoming force. 

Ques. 330. — What implements are needed for success- 
fully and quickly cleaning a fire? 

Ans. — A slice-bar, a fire-hook, a heavy iron or steel 
hoe, and a lighter hoe for cleaning the ash-pit. 

Ques. 331. — How may these tools be made, so that 
they will be light and easy to handle and at the same 
time strong and durable? 

Ans. — After the working ends have been fashioned to 
the desired shape, let each be welded to a bar of 1-inch or 
Ij^-inch round iron 10 or 12 inches in length. Then 
take pieces of 1-inch or 1/4-inch iron pipe, cut to the 
length desired for the handles, and weld the shanks of the 
tools to one end of the pipe handles and to the other end 
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weld a ring handle or a short cross-bar to facilitate hand- 
ling the tools. 

Ques. 332. — When a fire shows signs of being foul 
and choked, what should be done at once? 

Ans. — Prepare to clean it by allowing one side to burn 
as low as possible, putting fresh coal on the other side 
alone. 

Ques. 333. — Describe the process of cleaning a fire. 

Ans. — When the first side has burned as low as it can, 
without danger of letting the steam-pressure drop too low, 
take the slice-bar and shove it in along the side of the fur- 
nace, on top of the clinker, and back to near the bridge- 
wall, then, using the door-jamb as a fulcrum, give it a 
quick, strong sweep across the fire, and the greater 
portion of the live coals will be pushed over to the other 
side. What remains of the coal not yet consumed can be 
pulled out upon the floor with the light hoe and shoveled 
to one side, to be thrown back into the furnace after the 
clinker is removed. Having thus disposed of the live 
coal, take the slice-bar and shove it in on top of the 
grates, under the clinker, loosening and breaking it up, 
after which take the heavy hoe and pull it all out upon 
the floor, where the intense heat contained in the clinker 
should be quenched by a helper, with a pail of water, or 
water discharged from a small rubber hose. 

Ques. 334. — Having gotten one side of the fire cleaned, 
what is the next move? 

Ans. — Close the door for that side, and with the slice 
bar in the other side, push all the live coal over to the side 
just cleaned, where it should be leveled off, and fresh coal 
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added. After this has become ignited treat the other 
side in the same manner. 

Ques. 335. — Can a definite code of rules for hand firing, 
be laid down, that will suit all conditions? 

Ans. — No; owing to the fact that there are so many 
different varieties of coal, some of which need very little 
stirring or slicing, while others, that have a tendency to 
coke and form a crust on top of the fire, need to be sliced 
quite often. 

Ques. 336. — Mention a few general maxims that are 
applicable to all boiler-rooms. 

Ans. — First, keep a clean fire; second, see that every 
square inch of grate surface is covered with a good live 
fire; third, keep as level a fire as possible; fourth, when 
cleaning the fire, be sure to clear all the clinkers and dead 
ashes away from the back end of the grates at the bridge- 
wall. 

Ques. 337. — Why should the face of the bridge-wall, 
especially, be kept clean and free from ashes and clinker? 

Ans. — For the reason that this is one of the best 
points in the furnace for securing good combustion, 
provided that the bridge-wall is kept clean from the grates 
up, and by keeping the back ends of the grates clean, the 
air is allowed a free passage through them and is per- 
mitted to come directly in contact with the hot fire-brick, 
and thus one of the greatest aids to good combustion ist 
utilized. 

Ques. 338. — In firing bituminous coal, what is a good 
plan to pursue in regard to the fire-doors, with some 
'Unds of boilers? 



BOILER OPERATION 131 

Ans. — ^Thcy should be left slightly open for a few 
seconds, immediately after throwing in a fresh fire. 

Ques. 339. — Give the reason for doing this. 

Ans. — ^Bituminous coal contains a large percentage of 
volatile (light or gaseous) matter, which flashes into 
flame the instant it comes in contact with the live fire in 
the furnace, and if a sufficient supply of oxygen is not 
present just at this particular time, the combustion will 
be imperfect, and the result will be the formation of 
carbon monoxide, or carbonic oxide gas, and the loss of 
about two-thirds of the heat units contained in the coal. 

Ques. 340. — How may this great loss of heat be 
guarded against, in a great measure? 

Ans. — By admitting a sufficient volume of air, either 
through the fire-doors, directly after putting in a fresh 
fire, or what is still better, providing air-ducts through 
the bridge-wall, or side walls, which will bring the air 
in above the fire. 

Ques. 341. — What quantity of air is required for the 
complete combustion of 1 pound of coal? 

Ans. — By weight, 12 pounds; by volume, about 150 
cubic feet. 

Ques. 342. — Is there any advantage gained by heating 
this air before admitting it to the furnace? 

Ans. — There is a great advantage, provided the 
heat used for this purpose would otherwise be wasted. 
Great economy in fuel, and much better combustion, 
result from supplying heated air to the furnaces. 

Ques. 343. — Describe the Howden draught system, as 
used in the marine service. 
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Ass. — There is a nest of tubes in the uptake that is 
enveloped by the hot gases on their way to the stack. 
The air is caused to pass through these lubes by a 




blower-fan, and as a consequence is heated to a high 
degree before passing into tiie ash-pit. Some of this hot 
air is also directed into the furnace above the tire, thus 
securing a good combustion of the fuel. 
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Ques. 344. — What precautions should be taken regard- 
ing cleanliness of the tubes? 

Ans. — The tubes of all boilers should be kept clean 
and free from soot, and especially does this apply to fire- 




tube boilers, for the reason that, when tliese tubes become 
cloggeil with soot, the efficiency of the draught is 
destroj-od am! the steamint; capacity of the boiler is 
greatly rcihiced, hccaufc snot nol only stops the draught 
but it is also a non-conductor of heat. 



Ques. 345. — What methods are ordinarily employed 
for cleaning the soot and dust from tubes? 

Ans. — First, the steam jet, if properly made and 
connected by steam hose so as to get dry steam of high 
pressure, will do very effective work: second, a scraper 
having steel blades expanded by springs so as to fit the 
inside of the tubes snugly, should be pushed through each 
tube once or twice during each twenty-four hours of 
service. This will cut the soot loose from the inside sur- 
face of the tubes, and greatly facilitate blowing it out 
with the steam jet. For the tubes of water-tube boilers 




the steam jet may be employed to advantage in cleaning 
the outside surfaces, and a rotary scraper driven by a 
small steam turbine is used for cleaning the scale forma- 
tion from the inside. 

Ques. ;i4(l, — How often should a boiler be washed out 
and cleaned inside? 

Ans. — If the feed-water is impregnated to a consider- 
able extent with scale-forming matter, the boiler should 
be washed out every two weeks, and if the water is very 
bad. the time should be shortened to one week, 

Ques. :!4i. — How should a boiler be prepared for 
washing out? 



I 
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^^^B Ans. — The fire should be allowed to burn as low as 

^^^r possible, and then be all pulled out of the furnace, the 

^^M fire-doors left slightly ajar, and the dampers left wide 

^^H open in order that the boiler may gradually cool. 

^^1 Ques. 348. — Should a boiler be blown out, that is, 

^^H emptied of water, while there is any steam -pressure in it? 

^^H Ans. — It should not. 

^^1 Ques. 349.— Why not? 

^^^B Ans.— For the reason that the sudden change of 

^^H temperature from hot to cold has an injurious effect on 

^^H the seams and braces. It is as bad a practice to cool a 

^^H boiler down too suddenly as it is to fire it up too quickly. 



ins 




Ques. 350. — What effect does the too sudden contrac- 
tion or expansion of the boiler-plates have upon the 
riveted seams? 

Ans. — Leaks are created, and very often small cracks 
radiating from the rivet-holes are started, and these 
becoming larger with each change of temperature, will 
finally destroy the slrengtli of the seam and serious 
results will follow. 

Ques. 3.H. — Suppose that all of the fire has been 
pulled from the furnace and that the boiler has stood 
until the steam-gauge indicates 20 pounds pressure, 
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would it then be safe to blow all of the water out of the 
boiler? 

Ans. — It would not, for the reason that the tempera- 
ture of steam at 20 pounds pressure is 260 degrees 
Fahrenheit, and it may be assumed that the temperature 
of the metal of the boiler is at or near this temperature 
also. Assuming the temperature of the atmospliere in 
the boiler-room to be 60 degrees Fahrenheit there will be a 
range of 260 degrees — 60 degrees = 200 degrees Fahren- 
heit temperature for the boiler to pass through witliin a 
short time, which will certainly have a bad effect, and 
besides this, the boiler shell will be so hot that the loose 
mud and sediment left after the water has run out is 
liable to become baked upon the bottom slieets, making 
it much harder to remove. 

Ques. 352. — Under what conditions is it best to empty 
a boiler of water preparatory to washing it out? 

Ans. — After the boiler has become comparatively cool 
and there is no pressure indicated by the steam-gauge, 
the blow-off cock may be opened and the water allowed 
to run out. The gauge-cocks and drip-valve to the 
water-column should be left open to allow the air to enter 
and displace the water, otherwise there will be a partial 
vacuum formed in the boiler, and the water will not run 
out freely. 

Ques. 353. — Mention some of the important duties of 
the boiler-washer. 

Ans. — After the water has all run out and the boiler 
has cooled sufficiently to permit it, he should go inside 
(provided there is a man-hole) and after having thoroughly 
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cleaned the inside of the boiler, he should closely examine 
all of the braces and stays, and if any are found loose or 
broken, they should be repaired at once, before the boiler 
is put in service again. The soundness of braces, rivets, 
etc., can be ascertained by tapping them with a light 
hammer. 

Ques. 354. — What should be done with the tubes of 
fire-tube boilers when they become coated with scale on 
their outside surfaces? 

Ans. — The boiler should be taken out of service, laid 
up temporarily, and the tubes taken out, cleaned, and 
those that are not corroded or pitted too badly may be 
made almost as good as new by cutting off 8 or 10 inches 
of the ends and welding pieces of new tubing on, to bring 
the tubes back to their original length, after which they 
may be put back in the boiler and be good for a long term 
of service. While the tubes are out of the boiler for re- 
pairs the boiler-washer will have a good opportunity to get 
inside and clean and inspect every portion of the inside. 

Ques. 355. — What precautions should be taken when 
connecting a recently fired-up boiler with the steam main 
or header? 

Ans. — First, the steam in the boiler to be connected 
should be raised to the same pressure as that in the main, 
then the dampers should be closed and the steam stop- 
valve should be opened slightly, just enough to permit a 
small jet of steam to pass through, which can be heard 
by placing the ear near the body of the valve. This jet 
of steam may be passing from the main into the newly 
connected boiler, or vice versa. Whichever way it is 
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would it then be safe to blow all of the water out of the 
boiler? 

Ans. — It would not, for the reason that the tempera- 
ture of steam at 20 pounds pressure is 260 degrees 
Fahrenheit, and it may be assumed that the temperature 
of the metal of the boiler is at or near this temperature 
also. Assuming the temperature of the atmospliere in 
the boiler-room to be 60 degrees Fahrenheit there will be a 
range of 260 degrees — 60 degrees = 200 degrees Faliren- 
heit temperature for the boiler to pass through within a 
short time, which will certainly have a bad effect, and 
besides this, the boiler shell will be so hot that the loose 
mud and sediment left after the water has run out is 
liable to become baked upon the bottom sheets, making 
it much harder to remove. 

Ques. 352. — Under what conditions is it best to empty 
a boiler of water preparatory to washing it out? 

Ans. — After the boiler has become comparatively cool 
and there is no pressure indicated by the steam-gauge, 
the blow-off cock may be opened and the water allowed 
to run out. The gauge-cocks and drip-valve to the 
water-column should be left open to allow the air to enter 
and displace the water, otherwise there will be a partial 
vacuum formed in the boiler, and the water will not run 
out freely. 

Ques. 353. — Mention some of the important duties of 
the boiler-washer. 

Ans. — After the water has all run out and the boiler 
has cooled sufficiently to permit it, he should go inside 
(provided there is a man-hole) and after having thoroughly 
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cleaned the inside of the boiler, he should closely examine 
all of the braces and stays, and if any are found loose or 
broken, they should be repaired at once, before the boiler 
is put in service again. The soundness of braces, rivets, 
etc., can be ascertained by tapping them with a light 
hammer. 

Ques. 354. — What should be done with the tubes of 
fire-tube boilers when they become coated with scale on 
their outside surfaces? 

Ans. — The boiler should be taken out of service, laid 
up temporarily, and the tubes taken out, cleaned, and 
those that are not corroded or pitted too badly may be 
made almost as good as new by cutting off 8 or 10 inches 
of the ends and welding pieces of new tubing on, to bring 
the tubes back to their original length, after which they 
may be put back in the boiler and be good for a long term 
of service. While the tubes are out of the boiler for re- 
pairs the boiler-washer will have a good opportunity to get 
inside and clean and inspect every portion of the inside. 

Ques. 355. — What precautions should be taken when 
connecting a recently fired-up boiler with the steam main 
or header? 

Ans. — First, the steam in the boiler to be connected 
should be raised to the same pressure as that in the main, 
then the dampers should be closed and the steam stop- 
valve should be opened slightly, just enough to permit a 
small jet of steam to pass through, which can be heard 
by placing the ear near the body of the valve. This jet 
of steam may be passing from the main into the newly 
connected boiler, or vice versa. Whichever way it is 
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going, the valve ought not to be opened any farther until 
the flow of steam stops. This will indicate that the pres- 
sure has been equalized be- 
tween the boiler and the main, 
and it will then be found that 
the valve will move much 
easier, and it may be gradually 
opened until it is wide open. 

Ques. 356.— Should cold 
feed -water ever be pumped 
into a boiler that is under 
steam? 

Ans. — It should not, if it is 
possible to prevent it. 

Ques. 357. — How may the 
feed -water be heated econo- 
mically? 

Ans. — By passing it 
through a feed-heater in which 
the heating agent employed is 
the exhaust steam from the 
engmes. 

Ques. 358. — How should the feed-water be supplied 
to a boiler while the boiler is being fired? 

Ans. — It should be supplied just as fast as it is evap- 
orated. The firing can then be even and regular. 

Ques. 359. — If the supply of feed-water should sud- 
,denly be cut off owing to breakage of the pump or some 
other cause, and no other source of supply was available, 
what should be done? 
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Ans. — The dampers should be closed immediately, and 
all of the draught stopped. The fires should be deadened 
by shoveling wet or damp ashes in on top of them, or if 
ashes can not readily be procured, bank the fires over with 
green coal broken into fine 
bils. This, with the draught 
all shut off, will keep the fires 
dead, and if repairs to the 
feed-supply can not be made 
within a short time, the fires 
should be pulled, that is. if 
tiiey have become deadened 
sufficiently. 

Ques. 3G0.— Should the 
fires be pulled while they are 
burning lively? 

Ans. — No; because the 
stirring will, only serve to 
increase the heat, and the dan- 
ger will be aggravated. 

Ques. 3C!.— What is the 
primary object of making 
evaporation tests of boilers? 

Ans. — To ascertain how 
many pounds of water per 
pound of coal the boiler is evaporating. 

Ques. 3(52. — What other important details relating 
to the operation of the boilers may be ascertained through 
a we II -conducted evaporation test? 

Ans. — First, the efficiency of the boiler and furnace as 
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an apparatus for the consumpti 
oration of water; second, the r 
varieties of coal, and 
other fuels, as heat- 
producers; third, 
whether the boilers, as 
they are operated un- 
der ordinary every- 
day conditions, are 
being operated as 
economically as they 
should be; fourth, in 
case the boilers, owing 
to an increased de- 
mand for steam, fail 
to supply a sufficient 
quantity, whether or 
not additional boilers 
are needed, or whether 
the trouble could be 
overcome by a change 
of conditions in the op- 
eration oE the boilers. 

Ques. 3(i3.— What 
are the principal data 
to be noted down dur- 
ing the progress of an 
evaporation test? 

Ans.— First, time — the number 
U conducted; second, the 
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weight of coal consumed; fourth, weight of water evap- 
orated during the test; fifth, weight of dry ash returned; 
sixth, moisture in the coaL per cent, seventh, dry coal 
corrected for moisture* eighth, weight of combustible; 
ninth, moisture in the steam per cent; tenth, water 
corrected for moisture in the steam, eleventh, average 
temperature of the feed -water; twelfth, average tempera 
ture of the escaping gases; thirteenth, square feet of 
grate surface; fourteenth, square feet of heating sur- 
face; fifteenth, ratio of grate surface to heating surface. 

Ques. 364. — How may the weight of the coal consumed 
during the test be ascertained? 

Ans. — By having a small platform scales fitted with 
a wooden platform large enough to accommodate a wheel- 
barrow, or, in lieu of a barrow, a box large enough to 
contain two or three hundred pounds of coal. Each 
wheel-barrow load, or boxful of coal that goes to the 
boiler under test can then be weighed and the figures be 
placed upon a tally-sheet and added together at the close 
of the test, thus giving the total weight of coal consumed 
during the test. If, at the close of the test, there is any 
of the weighed coal left on the floor, it should be weighed 
back and deducted from the total weight. 

Ques. 365. — How may the weight of water evaporated 
during the test be ascertained? 

Ans. — By having a hot-water meter fitted in the branch 
feed-pipe leading to the boiler under test, or if this is not 
to be had, a substitute equally as accurate can be made 
by placing two small water-tanks, each having a capacity 
of 8 or 10 cubic feet, in the vicinity of the feed-pump. 
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These tanks can be made of light tank-iron, and each 
sliould be fitted with a nipple and valve, near the bottom, 
for connection with the suction side of the feed-pump. 
The tops of the tanks may be left open. A pipe leading 
from the main water-supply, with a branch to each tank, 
is also needed for filling them. If an open feed-water 
heater is used, and it is possible to place the tanks low 
enough to allow a portion of the hot water from the 






\ 




Hon. 




JoF^BJ^p 



iMG. 08. 



heater to be led into them by gravity, it will be desirable 
to do so. If this can not be done, some other provision 
should be made for at least partially warming the water 
before it goes to the boiler. The exact capacity of each 
one of these two tanks, either in cubic feet or in pounds 
of water, should be ascertained, and then all of the feed- 
water that is supplied to tlie boiler during the test is to be 
first passed through the tanks, wliich should be numbered 
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one and two respectively, in order to prevent confusion in 
keeping a record of the number of tankf uls of water used 
during the test. Two tanks should be provided, in order 
that while the feed-pump is drawing the water from one, 
the other one may be filled. The feed-pump that is used 
to supply the boiler under test should have no connection 
whatever with the main feed-supply. By keeping tab of 
the number of tankfuls of water used during the test, and 
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multiplying this by the capacity of each tank, the total 
weight of water evaporated is ascertained. 

Ques. 366. — How is the weight of dry ash ascertained? 

Ans. — No water should be allowed to come in contact 
with the ashes during the test, or if it is absolutely neces- 
sary to use water, it should be used as sparingly as 
possible, and as the ashes are pulled from the furnace or 
ash-pit, they should be thrown to one side, and allowed to 
become dry, after which the weight can be ascertained by 
means of the scales that was used for weighing the coal. 
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Ques. 367. — How is the amount of moisture in the 
coal ascertained? 

Ans. — This can generally be obtained from the reports 
of the geologist of the state in which the coal was mined. 

Ques. 368. — How is the weight of dry coal corrected 
for moisture ascertained? 

Ans. — Deduct the percentage of moisture in the coal 
from the total weight of coal consumed. 

Ques. 361). — I low is the weight of combustible ascer- 
tained? 

Ans. — Deduct the weight of dry ash returned from the 
weight of dry coal corrected for moisture. 

Ques. 370. — How is the percentage of moisture in the 
steam determined? 

Ans. — By means of an instrument called a calorimeter, 
or if such an instrument is not at hand, the condition of 
the steam as regards its dryness may be approximately 
estimated by observing its appearance as it issues from a 
pet-cock, or other small opening into the atmosphere. 
Dry, or nearly dry steam, containing about 1 per cent of 
moisture, will be transparent close to the orifice through 
which it issues, and if it is of a grayish white color it may 
be estimated to contain not over 2 per cent of moisture. 

Ques. 371. — I low is water corrected for moisture in 
the steam arrived at? 

Ans. — Deduct the percentage of moisture in the steam 
from the total weight of water evaporated during the 
test. 

Ques. 37'3. — How is the average temperature of the 
feed-water obtained? 

10 
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Ans, — By means of a hot -water thermometer connected 
to the feed-pipe near to the check-valve, but between it 

and the feed-pump. If the thermometer is not attached 

to the feed-pipe, the temperature of 

ihe water in each tank should be 

taken and noted down, during the time 

that the feed-pump is drawing from it. 

From these notations, made at regular 

intervals during the prepress of the 

test, the average temperature of the 

feed-water is easily calculated. 

Ques. 313.— How is the averaj,'e 
temperature of the escaping gases 
determined? 

Ans. — By readings taken a I regular 
intervals from a thermometer con 
nected in the uptake. 

Ques. 374. — What should be done 
with the boiler and furnace before bt 
ginning an evaporative test? 

Ans,— The boiler should be thor 
oughly cleaned, both inside and but 
side, and especially the heating sur- 
face, by scraping and blowing the soot 
out of the tubes, if it be a return-tu- 
bular boiler, and blowing the soot and 
ashes from between the tubes if it is a 
water-tube boiler. All dust, soot, and 
ashes should be removed from the out- 
side of the shell, and also from the ''"'TBi»MOiriTsi"^' 
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combustion chamber and smoke connections. The grate- 
bars and sides of the furnace should be cleared of all 
clinker, and all air-leaks made as tight as possible. 

Ques. 375. — What should be done with the water- 
connections? 

Ans. — The boiler and all of its water-connections 
should be perfectly free from leaks, especially the blow- 
off valve or cock. If any doubt exists as to the latter, it 
should be plugged, or a blind flange put on it. 

Ques. 376. — Why is it required that especial care be 
exercised regarding the water-connections? 

Ans. — For the reason that the test is made for the pur- 
pose of ascertaining the exact quantity of water that the 
boiler will evaporate with a given weight and kind of coal, 
and if any of the water fed to the boiler during the test is 
allowed to leak away, or if any water, other than that 
which has been measured by passing it through the tanks, 
is allowed to get into the boiler during the test, the results 
will be misleading and unreliable. 

Ques. 377. — Before starting the test, what other details 
regarding the boiler should be attended to carefully? 

Ans. — The boiler should be thoroughly heated, by 
having been run for several hours at the ordinary rate. 
The fire should then be cleaned and put in good condition 
to receive the fresh coal that has been weighed for the test. 

Ques. 378. — What should be done regarding • the 
water-level? 

Ans. — At the time of beginning the test, the water- 
level in the boiler should be at or near the height ordi- 
narily carried, and its position should be marked by tying 
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a cord around one of the guard-rods of the gauge-glass^ 
and, to prevent any possibility of error, the height of the 
water in the glass should be measured in inches, and a 
memorandum made of it. 

Ques. 379. — What data regarding the steam-pressure 
should be recorded? 

Ans. — The steam-pressure as indicated by the gauge 
should be noted at the time of starting the test, and also 
at regular intervals during the progress of the test, in 
order that the average pressure may be obtained. 

Ques. 380. — When should tiie test begin? 

Ans. — When all of the conditions just described have 
been complied with and the first lot of weighed coal has 
been fed to the furnace and the feed-pump is receiving 
water from one of the measuring tanks, the time should 
be noted and recorded as the starting time. 

Ques. 381. — What length of time should an evapora- 
tion-test be conducted? 

Ans. — Ten hours, if it is possible to continue it that 
long. 

Ques. 382. — What conditions regarding the steam- 
pressure, condition of tl:c fire and the water-level should 
prevail at the close of the test? 

Ans. — They should be as nearly as possible the same 
at the close as they were at the beginning. The water- 
level should be the same and the quantity and the condition 
of the fire, also the steam pressure. 

Ques. 383. — How may this be accomplished? 

Ans. — Only by very careful work toward the close of 
the test. 
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Ques. 384. — ^If any of the wdghed coal is left on the 
floor at the close of the test, what should be done with it? 

Ans. — It should be weighed back and its weight 
deducted from the total weight. 

Ques. 385. — If a portion of water is left in the last 
tank tallied, what disposition should be made of it? 

Ans. — It should be measured and deducted from the 
total. 

Ques. 386. — In making a test of the efficiency of the 
boiler, what is one of the most essential conditions to be 
taken into consideration? 

Ans. — The boiler should be operated at its fullest 
capacity, from the beginning to the end of the test, and 
arrangements should be made to dispose of the steam as 
fast as it is generated. 

Ques. 387. — How may this be done? 

Ans. — If the boiler is in a battery and connected to a 
common header, the other boilers can be fired lighter dur- 
ing the test; but if there is but the one boiler in use, a 
waste-steam pipe should be temporarily connected, 
through which the surplus steam, if there is any, can be 
discharged into the open air, through a valve regulated 
as required. 

Ques. 388. — If the boiler under test is fed by an 
injector instead of a pump during the test, from whence 
should the steam-supply for the injector be taken? 

Ans. — The steam for the injector should be taken 
directly from the boiler under test, through a well- 
protected pipe. The steam for the pump, if one is used, 
should also be taken from the same source. 
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Ques. 389. — How should the temperature of the feed- 
water be taken when an injector is used? 

Ans. — It should be taken from the measuring tanks, 
or at least from the suction side of the injector. 

Ques. 390.— Why? 

Ans. — Because the water in passing through the 
injector receives a large quantity of heat imparted to it 
by live steam directly from the boiler, and the tempera- 
ture of the water after it leaves the injector would not be 
a true factor for use in calculating the results of the 
test. 

Ques. 391. — For obtaining reliable and economical 
results in an evaporation-test, what conditions are 
essential regarding the draught? 

Ans. — There should be a good, strong draught, which 
can be regulated by a damper, as desired. There should 
also be a draught-gauge connected to the uptake, for the 
purpose of measuring the draught. 

Ques. 392. — Why is it necessary to measure the 
draught? 

Ans. — The principal reason for measuring the draught 
is that in making comparative tests of the heating value 
of different varieties of coal, the conditions should be the 
same as near as possible in all of the tests made, and 
especially should this be the case with the draught. 
Therefore, by using a draught-gauge and measuring the 
draught during each test, there will be no uncertainty 
regarding this very important element. 

Ques. 393. — Describe the construction and operation 
of a draught-gauge. 
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Ans. — The usual form of draught-gauge is a glass 
tube bent tn the shape of the letter U. One leg is con- 
nected to the uptake by a small rubber hose, while the 
other I^ is open to the atmosphere. 

A scale marked in tenths of an inch is fitted between 
the two legs of the gauge. The 
glass tube is partly filled with water, 
which will, when there is no draught, 
stand at the same height in both 
legs, provided the instrument stands 
perpendicular, which is its normal 
position. When connected to the 
uptake, the suction caused bj' the 
draught will cause the water in the 
leg to which the hose is attached to 
rise, while the level of the water in 
the leg that is open to the atmos- 
phere will be equally depressed, and 
the extent of the variatii. 
tions of an inch is tiie ii 
the drauglil. Thus the < 
referred teas being .Ti .l u 

Ques. 394.— What is 
draught that should be u 
der to obtain good results? 

Ans. — The draught should not be less than .,") inch. 
Better results maj' be obtained with a draught of .7 inch. 

Ques. 3'J5. — If the lest is made for the purpose of 
determining the eflicicncj of the boiler and setting as a 
whole, including grate, draught, etc., and also for compar- 
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ing the heatinsf qualities of different kinds of coal, what 
must the result be based upon? 

Ans. — Upon the number of pounds of water evapo- 
rated per pound of coal burned. 

Ques. 396. — What is implied in the expression **per 
pound of coal burned" as used in this connection? 

Ans. — It includes not only the purely combustible 
matter in the coal, but the non-combustible also, such as 
ash, moisture, etc. Some varieties of Western coal con- 
tain as high as 13 to 14 per cent of moisture, and the 
ability of the furnace to extract heat from the mass is to 
be tested, as well as the ability of the boiler to absorb and 
transmit that heat to the water. 

Ques. 397. — If the test is to determine the efficiency 
of the boiler itself as an absorber and transmitter of heat, 
what must be the factor for working out the result? 

Ans. — The weight of the combustible alone must be 
considered. 

Ques. 398. — When making a series of tests for the 
purpose of comparing the economical value of different 
kinds of coal, what conditions should prevail? 

Ans. — The conditions should be as nearly uniform as 
possible; that is, let the tests all be made under ordinary 
working conditions, and with the same boiler or boilers, 
and if possible with the same fireman. 

Ques. 399. — What is meant by the term "equivalent 
evaporation,** as applied to the results of an evaporation- 
test? 

Ans. — The term **equivalent evaporation," or the 
evaporation from and at 212. degrees, assumes that the 
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feed-water enters the boiler at a temperature of 212 
degrees and is evaporated into steam at 212 degrees tem- 
perature, and at atmospheric pressure, as, for instance, 
if the top man-hole plate were left out, or some other 
large opening in the steam-space of the boiler allowed the 
steam to escape into the atmosphere as fast as it was 
generated. 

Ques. 400. — Why is it necessary to introduce this 
feature into calculations of the results of evaporation- 
tests? 

Ans. — Owing to the variation in the average tem- 
perature of the feed-water used in different tests, and also 
the variation in the average steam-pressure, it is 
absolutely necessary that the results of all tests be 
brought by computation to the common basis of 
212 degrees in order to obtain a fair and just comparison. 

Ques. 401. — Describe the method of calculation by 
which this is done. 

Ans. — Suppose an evaporation-test to have been made, 
and that the average steam-pressure by the gauge was 
85 pounds, which equals 100 pounds absolute pressure, 
and that the average temperature of the feed-water was 
141 degrees. By reference to Table 1, Chapter 1, it will 
be found that in a pound (weight) of steam at 100 pounds 
absolute pressure there are 1,181.1 heat units or thermal 
units, and in a pound of water at 141 degrees temperature 
there are 109.9 heat units. It therefore required 
1,181.1 — 109.9 = 1,071.9 heat units to convert 1 pound 
of feed-water at 141 degrees temperature into steam at 
85 pounds gauge, or 100 pounds absolute pressure. Now 
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to convert a pound of water at 212 degrees temperature 
into steam at atmospheric pressure and 212 degrees tem- 
perature, requires (according to Table l) 965.7 heat units, 
and the 1,071.9 heat units would evaporate 1,071.9 -^ 965.7 
= 1.11 pounds of water from and at 212 degrees. The 
1.11 is the factor of evaporation for 85 pounds gauge 
pressure, and 141 degrees temperature of feed-water. 

Ques. 402. — What use is made of this factor of evap- 
oration in the calculation? 

Ans. — One of the results of the test was **weight of 
water corrected for moisture in the steam/' and by mul- 
tiplying this result by the factor of evaporation, the 
"equivalent evaporation'* is ascertained. 

Ques. 403. — Upon what is the factor of evaporation 
based, in any test? 

Ans. — Upon the steam-pressure and the temperature 
of the feed-water. 

Ques. 404. — Give the formula for finding this factor 
for any test. 

Ans. — The formula is: Factor =——,in which H = 

total heat in the steam, h = total heat in the feed- water, 
and 965.7 = the number of heat units in a pound of 
steam at atmospheric pressure and 212 degrees tempera- 
ture. Table 7 gives the factor of evaporation, already 

4 

calculated, for various pressures and temperatures. 

Ques. 405. — If it is desired to ascertain the cost of 
coal for generating the steam used for operating an engine 
that uses 30 pounds of steam per horse-power per hour, 
what is the method of calculation? 
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Ans. — If the engine uses 30 pounds of steam per horse- 
power per hour, and it has been found by the test that 
1 pound of the coal used would evaporate 9 pounds of 
water into steam of the pressure at whicli it is supplied to 
the engine, the actual consumption of fuel by the engine 

Table 7 
Factors ok Evaporation 



Feed Water 
Temperature 


Gauge 
Press. 50 lbs. 


Gauge 
Press. 60 lbs. 


Gauge 
Press. 70 lbs. 


Gauge 
Press. So lbs. 


Gauge 
Press. 90 lbs. 


• 
(A 

s « 


Gauge 
Press. 110 lbs. 


Gauge 
Press. 120 lbs. 


Gauge 
Press. X40 lbs. 


212° 
20O° 

191" 

182° 

173° 
164° 
152' 
143° 
134° 

125° 
113° 

104= 

95" 
86- 

If 
65° 
50' 
47° 
38° 


1.027 
1.039 

1.049 
1.058 

1.067 

1.077 
1.089 

1.099 

1. 108 

I.I18 

1. 130 
1. 138 
1. 140 
I.158 
1. 167 
1. 180 
1. 189 
1. 199 
1.208 


1.030 
1.042 
1.052 
1. 061 
1.070 
1.080 
1.092 
1. 102 
I. Ill 
1. 121 

1. 133 
1. 142 

1. 152 
1. 161 
1. 170 
1. 183 
1. 192 
1. 201 

1. 211 


1.032 
I 045 

1.054 
1.064 

1.073 
1.083 

1.095 

1. 105 

1. 114 

1. 123 

1. 136 

1. 145 

1. 154 

1. 164 

1. 1 73 
1. 186 

1. 195 
1.204 

1. 214 


1.035 
1.047 

1.057 
1.066 

1.076 

1.085 
1.098 

1. 107 
1. 116 
1. 126 

1. 138 
1. 148 

1. 157 
1. 166 

I.i7^> 

1. 188 

1. 197 
1.207 
1. 216 


1.037 
1.050 

1.059 
1.069 
1.078 
1.087 
1. 100 
1. 109 
1. 119 
1. 128 
1. 140 
1. 150 

1. 159 
1. 169 

1. 178 

1. 190 

1.200 

1.209 

1. 218 


1.039 

1.052 
1. 061 
1. 071 
1.080 
i.O(;o 
1. 102 
I. Ill 
1. 121 
1. 130 

1. 143 
1. 152 
1. 161 
1. 171 
1. 180 
1. 192 
1.202 
1. 211 
1.220 


1. 041 
1.054 
1.063 
1.073 
1.082 
I.09I 
1. 104 

1. 113 
1. 123 

1. 132 
1. 145 

1. 154 

1. 163 

1. 173 
1. 182 

1. 194 
1.204 
1. 213 
1.222 


1.043 
1.056 

1.065 

1.075 

I.0S4 

1.093 

1. 106 

1. 115 
I.125 

1. 134 
1. 146 
1.15^ 
1. 165 

I.174 
1. 1 84 
1. 196 
1.206 
1. 215 
1.224 


1.047 

1.059 
1.069 
1.078 
1.087 
1.097 
1. 109 
1. 119 
1. 128 

1. 137 
1. 150 

1. 159 
1. 169 

1. 178 

1. 187 

1.200 

1.209 

1. 218 

1.228 



would be as follows: :?() -^ = 3.33 pounds of coal per 
horse-power per hour, which, multiplied by the total horse- 
power developed by the engine, will give the total weight 
of coal consumed in one hour's run. 

Ques. 406. — What is the meaning of the expression 
**boiler horse-power?*' 
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Ans. — The latest decision of the American Society of 
Mechanical Engineers regarding the horse-power of 
a boiler is **that the unit of commercial horse-power de- 
veloped by a boiler shall be taken as 34/4 units of evapor- 
ation." That is, 3454 pounds of water evaporated per 
hour from a feed temperature of 212 degrees into steam 
of the same temperature. 

This standard is equivalent to 33,317 heat units per 
hour. It is also practically equivalent to an evaporation 
of 30 pounds of water from a feed temperature of 
100 degrees Fahrenheit into steam of 70 pounds gauge- 
pressure. 

Ques. 407. — According to this rule, what would be 
the horse-power of a boiler in which during a 10-hour 
test, the evaporation from and at 212 degrees was found 
by calculation to have been 86,250 pounds of water? 

Ans. — The horse-power developed would be 86^50 -^ 
10-^ 34.5 = 250 horse-power. 

Ques. 408. — In what way can the maximum economy 
in the consumption of coal be obtained? 

Ans. — There is only one way, and that is by keeping 
a continuous supply of coal on the fires and admitting a 
regular and suflScient quantity of air for its combustion. 

Ques. 409. — Can these conditions be reached by hand 
firing? 

Ans. — They can not, no matter how careful and skil- 
ful the firemen may be. 

Ques. 410. — Mention two of the principal disadvan- 
tages attending hand firing. 

Ans. — First, durin the time of firing the furnace 
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door is wide open, thus admitting a large volume of cold 
air; second, immediately after throwing in a fresh supply 
of coal, there is a sudden generation of gas, a large per- 
centage of which escapes without being entirely consumed, 
and much heat is thus wasted. 

Ques. 411. — What are the principles governing the 
operation of mechanical or automatic stokers? 

Ans. — First, a continuous supply of coal and air; 
second, thorough regulation of the supply of fuel and air, 
according to the demand upon the boilers for steam; 
third, the intermittent opening and closing of the furnace 
doors is entirely prevented. 

Ques. 412. — What are some of the disadvantages 
attending the use of mechanical stokers? 

Ans. — First, the great cost of installing them; second, 
in case of a sudden demand upon the boilers for more 
.steam, the mechanical stoker can not respond as promptly 
as in hand firing; third, the extra cost for power to 
operate them. 

Ques. 413. — How many different classes of mechanical 
stokers are in use? 

Ans. — Four general classes. 

Ques. 414. — Describe the construction and operation 
of stokers belonging to Class 1. 

Ans. — The grate consists of an endless chain of short 
bars, that travels in a horizontal direction from the front 
to the back of the furnace, over sprocket wheels operated 
either by a small auxiliary engine or by power derived 
from an overhead line of shafting in front of the boilers. 
The motion of the endless chain of grates is of course very 
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slow, but it is continuous and regular, receiving the supply 
of coal at the front and depositing the ashes at the back 
end, where they drop into the ash-pit. 




Ques. 415. — What tvpe of stokers is included in 
Qass 2 ? 

Ans, — Stokers having grate-bars somewhat after the 
ordinary hand-fired type, but having a continuous motion 
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up and down, or forward and back. Although this 
motion is slight, it serves to keep the fuel stirred and 
loosened, thus preventing the fire from becoming sluggish. 
Ques. 41G. — What position do the grate-bars in 
Class 2 occupy? 




Ans. — Either horizontal, or slightlj' inclined, and their 
constant motion tends to gradually advance the coal from 
the front to the back end of the furnace. 

Ques. 4n.^What kinds of stokers are included in 
Class 3 ? 

Ans. — Stokers in which the grates are steeply inclined. 



The coal is fed onto the upper ends of the gates, which, 
having a slow motion, gradually force the coal forward as 
fast as required. In some stokers of this class, as, for 
instance, the Murphy, the grates incline from the sides 
towards the middle of the furnace, but in the majority of 
cases the inclination is from the front towards the back. 




Ques. 418, — What is the leading feature governing the 
operation of stokers belonging to Class 4 ? 

Ans. — The coal is supplied from underneath the grates, 
and is pushed up tlirough an opening left for the purpose 
midway of the length of the furnace. The gases, on 
being distilled, come in contact immediately with the hot 
bed of coke on top, and the result is good combustion. 

(jues. 419. — What are stokers belonging to Qass 4 
called? 
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Ans. — Under-feed stokers. 

Qiies. 420. — What methods are employed for forcing 
the coal up into the furnace with under-feed stokers? 




Ans. — Steam is the active agent, either by means of 
a steam-ram, or a long, slowly revolving screw, driven 
by a small engine. 




Ans. — Forced draught is employed, and the air is 
blown into the furnace through tuyeres. 

Ques. 432.— How is the coal supplied to mechanical 
Stokers, other than the under-feed type? 

Ans. — In two ways; either by being shoveled by hand 



into hoppers in front of and above the grates, or, as is the 
case in most of the large plants using them, it is elevated 
by machinery and deposited in chutes, through which it 
is fed to each boiler by gravity. The coal used in 
mechanical stokers is in the form of screenings or nut 
coal. 

Ques. 423. — Have mechanical stokers for feeding coal 
been applied in the marine service to any great extent? 

Ans. — They have not, up to the present time. 
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Ques. 434. — In what way is it possible to successfully 
use automatic or mechanical stokers on marine boilers? 

Ans. — By the use of liquid fuels, such as petroleum, 
blast-furnace oil, tar oil, etc. 

Ques. 425.— Of what does petroleum consist? 

Ans. — Petroleum consists practically of carbon, 
hydrogen, and oxygen, in the following proportions: 
Carbon, 85 per cent; hydrogen, 13 per cent, and oxygen, 
-i per cent. 

Ques. 426. — What is the heating value of 1 pound of 
pclruleum? 
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Ans. — About 20.000 heat units, or about one-third 
more than the best coal. 

Ques. 427. — How is petroleum fed to the furnaces? 

Ans,— By being forced through nozzles having two 
or three holes, or annular spaces, from one of which the 
petroleum flows out, under pressure, while a jet of Steam 
or compressed air issuing from another orifice catches 
the oil and "pulverizes" it into a fine spray, in which 
form it strikes the fire. The air for combustion is 
admitted through a third orifice, or if not thus supplied. 







the air for combustion is admitted by suitable orifices in 
the furnace front. 

Ques. 428. — How is the furnace arranged for burning 
petroleum? 

Ans. — A layer of broken fire-brick or asbestos is 
placed on the grate, and fire-brick screens, or bafHers. 
are placed in the way of the flame, thus providing a red- 
hot surface against which it impinges. Otherwise the 
combustion would be greatly hindered by the compara- 
tively cool surfaces of the boiler-plates and tubes. 

Ques. 429.— What agent has been found to be the best 
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for pulverizing the petroleum and spraying it into the 
furnace? 

Ans. — Compressed air, slightly heated. 

Ques. 430 — What is one of the disadvantages attend- 
ing the use of steam for this purpose? 

Ans. — The danger of the flame being extinguished by 
water that is sometimes carried over with the steam. 
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Ques. 431. — How is the oil supplied to the nozzles? 

Ans. — By means of pumps that draw it from the 
bunkers and discharge it into a reservoir, and from 
thence it is fed to ihe burners. 

Ques, 432, — What are the advantages in favor of 
petroleum fuel, especially for the marine service? 

Ans. — First, superior evaporation, and, as a conse- 
quence, great reduction in the weight of fuel to be carried; 
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second, less space occupied by the fuel and ease of ship- 
ping it into the bunkers; third, reduction of stoke-hold 
force, also less space required in the stoke-hold; fourth, 
regularity of combustion and no reduction of power, due 
to cleaning fires, they being always clean and in a good 
condition; fifth, increased 'durability of boilers, owing to 
the fact that there are no variations of temperature, due 
to opening fire-doors, for coaling or cleaning; sixth, 
greater control over the expenditure of fuel, consequently 
less waste of steam at the safety valves, also less danger 
of a short supply of steam in case of a sudden demand 
upon the boilers. 

Ques. 433. — What are some of the principal objections 
to its use on board of vessels? 

Ans. — First, limited supply; second, vessels proceed- 
ing on long voyages could not, with present facilities, 
replenish their bunkers when required; third, danger of 
the generation of inflammable gases; fourth in war-ships 
the risk of possible loss of the fuel, in the event of injury 
to the bunker containing it. 

Ques. 434. — Has the combination of coal and petro- 
leum, in the same furnace, ever been attempted? 

Ans. — Experiments along this line are being made in 
the British and other navies. 

Ques. 435. — How are the furnaces fitted for this 
purpose? 

Ans. — The same as for hand firing with coal, and in 
addition, a number of nozzles are placed in the front 
above the fire for injecting the petroleum over the incan- 
descent coal. 
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Ques. 436. — Upon what does the efficiency of a steam- 
ship, or of a manufacturing establishment in which steam 
is used for power, largely depend? 

Ans. — Upon the condition of the boilers and the care 
and labor expended for their preservation. 

Ques. 437. — What was formerly one of the most dan- 
gerous and active agents in the deterioration of boilers, 
especially in the marine service? 

Ans. — Corrosion of the boiler-plates and stays. 

Ques. 438. — What was found, by a long series of 
experiments, to be the principal cause of this corro- 
sion? 

Ans. — The action of the fatty acids evolved by 
saponification from the heated tallow and vegetable oils, 
used at the time for the internal lubrication of the cylin- 
ders and valve-chests. 

Ques. 439. — How were these oils carried into the 
boilers? 

Ans. — In condensing systems, where the water of con- 
densation was used for feed-water, the waste oil in the 
exhaust steam mingled with the feed-water and was 
carried into the boilers. 

Ques. 440. — How has the danger from this source been 
largely obviated in late years? 

Ans. — By the use of mineral oils for internal 
lubrication. 

Ques. 441. — In what other way has the danger of 
corrosion been lessened? 

Ans. — By the use of mild steel instead of iron plates 
in the construction of boilers. This steel is made by the 
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Seimens-Martin process, and is much stronger than iron 
and less liable to corrosive action. 

Ques. 442. — Of what material are marine boilers now 
made entirely? 

Ans. — Of steel, except the tubes, which are usually 
made of iron in the mercantile service. Steel tubes are 
used in war-ships. The furnaces and internal parts, that 
have to be welded or flanged, are made from specially 
soft steel plates. 

Ques. 443. — What is the principal cause of corrosion 
in boilers at the present time? 

Ans. — Oxidation of the plates, which results from 
contact with moisture and air, either carried in with the 
feed-water, or existing in the atmosphere when the boilers 
are empty. 

« 

Ques. 444. — What conditions must exist in order that 
corrosion shall take place from this cause? 

Ans. — The simultaneous presence of both air and 
water, because neither dry air nor fresh water in which 
there is absolutely no air has any chemical action on steel 
or iron. Air dissolved in water is especially active, and 
the action is increased by the presence of various 
chlorides, such as magnesium and sodium. 

Ques. 445. — Are there any other causes that tend 
toward the corrosion of boilers, internally? 

Ans. — There are; for instance, hot sea-water, even 
when entirely deprived of air, has some action on steel 
and iron. It has been found that at the high tempera- 
tures now common in boilers, the chloride of magnesium 
contained in sea-water is decomposed by the heat and 
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gives oflf hydrochloric acid, the evolution of acid being 
accelerated with increase of density. 

Ques. 446. — Should sea-water be admitted to boilers if 
it is possible to prevent it? 

Ans.— It should not; but if a portion is used, it is 
important that sufficient alkali, preferably lime, be 
admitted with the feed-water to render the water in the 
boilers slightly alkaline by the litmus test. 

Ques. 447. — Does galvanic action, due to differences in 
the material used in the construction of the boilers/ con- 
duce towards corrosion? 

Ans. — Galvanic action is probably a minor cause of 
corrosion. 

Ques. 448. — What are some of the methods that 
may be employed for the prevention of corrosion in 
boilers? 

Ans. — First, the admittance of air into the boilers 
while at work should be prevented as much as possible. 
This may be done by having a tank, called the feed-tank, 
into which the air-pumps may discharge its water, and 
from which the feed-pumps can draw their water for sup- 
plying the boilers. The feed-pumps should be independent 
pumps, which can be so regulated in speed as to be 
always fully supplied with water and never to empty the 
feed-tank and so suck in and discharge air into the boilers. 
Second, the complete exclusion of sea-water from the 
boilers if possible. The waste of feed-water should be 
made good by evaporators and a reserve of fresh water 
in tanks. Third, mineral oils, which consist of hydrocar- 
bons only, should be used exclusively for lubrication of 
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all internal i>arts o{ the engines and pumps requiring 
lubrication* 

Ques. 449. — How may the injurious effects of galvanic 
action be neutralized? 

Ans. — ^By the suspension of zinc slabs in various 

parts of the boiler, both below the water-line and also in 

the steam-space. Then if there be any galvanic action 

the zinc slabs will be attacked instead of the material of 

the boiler itself. 

I 






Fig. 110. Method ot Suspending Zinc Slabs. 

Ques. 450. — What is an important point to be 
observed when placing these zinc slabs? 

Ans.-^They should be in actual bright contact with 
the material of the boiler and they should be well distrib- 
uted, so that every portion of the interior surface of the 
boiler is protected. 

Ques. 451. — What is the theory of the action of these 
zinc slabs, in preventing galvanic corrosion? 
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Ans. — Zinc is an electro-positive metal, and it being 
suspended in the boiler causes the steel of the boiler to 
become electro-negative and thus any corrosive agent is 
induced to attack the zinc, leaving the steel uninjured. 

1^ 
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This preservative action can only take place when the 
boilers have water in them and the zinc slabs fitted in the 
steam-space act only when the boilers are completely filled 
with water. 



CHAPTER VI 



F ENGINES — CLASSIFICATION 



Ques. 453. — Into what three general classes maj 
marine and stationary engines be divided? 

Ans. — First, simple; second, compound; third, triple, 
or quadruple expansion. 

Ques. 453. — What causes the piston of a steam-engine 
e back and forth in the cylinder? 




Ans. — The expansive force of the steam that is 
admitted alternately behind the piston, at either end of the 
cylinder. 

Ques. 454. — Describe the action of the steam in a 
simple engine. 

Ans. — In a simple engine the steam is used in but one 
cylinder, and from thence it is exhausted, either into the 
atmosphere or into a condenser. 
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Ques. 455. — What is the leading characteristic of a 
compound engine? 

Ans. — In a compound engine the steam is made to do 
work in two or more cylinders before it is allowed to 
exhaust. 

Ques. 451!. — How is this accomplished? 

Ans.^ — The compound engine is fitted with two, and in 
some cases with three cylinders. The cylinder into which 
steam at boiler pressure is admitted is termed the high- 
pressure cylinder and is the smallest of the group, in 




diameter. The cxliausl passage lor receiver) from tliis 
cylinder leads directly to the valve-chest of another 
cylinder, larger in diameter, termed the low-pressure 
cylinder, and thus conducts the exhaust from the high 
to the low-pressure cylinder, wherein it again serves as 
working steam, and if the cylinders are properly propor- 
tioned for the pressure, the amount of work done tn each 
cylinder will be the same. 

Ques. 45T. — How many kinds of compound engines 
are in use generally? 
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Ans. — Two kinds; First, the cross compound, in 
which tile cylinders stand parallel, each having its indi- 
vidual cross-head, connecting rod, and valve-gear, and all 
connected to a common crank-shaft; second, tandem 




compound, in which the cylinders are tandem to each 
other, and one piston roil cross-heatl, connecting rofi, and 
valve-gcar is common to both, although each cylinder has 



ITfi 



QUESTIONS ANB ANSWERS 



its own valve or valves for controlling the admission and 
release of the steam. 

Ques. 458. — What is implied in the expression "triple 
expansion?" 

Ans. — Triple expansion means that the steam has been 
allowed to expand through three successive stages, doing 




a fixed amount of work in each stage, before release 
occurs. 

Ques. 459. — How many cylinders are required on a 
triple-expansion engine? 

Ans, — Never less than three, and for large, high-speed 
engines it often becomes necessary to have two low- 
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pressure cylinders, thus making a four-cylinder triple- 
expansion engine. 

Ques. 460. — Are four cylinder triple-expansion en- 
gines much in use? 

Ans. — They are in the marine service, and especially 
in the British navy, and they are also used to a large 
extent in the mercantile service. 

Ques. 401. — Describe the action of the steam in a 
quadruple-expansion engine. 
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Fig. 116. Arrangement of Four Cylinder Triple Expansion Engine 

FOR Mari.ne Sekvicl. 

Ans. — In a quadruple-expansion engine, the expansion 
of the steam is divided up into four stages by causing it 
to pass through four successive cylinders, termed 
respectively the high-pressure, first intermediate, second 
intermediate, and low-pressure. In some of the larger 
engines of this type there are two low-pressure cylinders, 
thus making five cylinders in all. 

Ques. 4G2. — What pressures of steam are usually 
used in this type of engine? 
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Ans, — From 200 to 250 pounds per square inch. 
Ques, 463. — What are some of the advantages that 
are to be gained in the use of steam by stage expansion? 
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Ans. — First, that the cylinder into which steam 
directly from the boiler is admitted is never open to the 
cooling influence of the atmosphere, or condensor, hence 
there is not so much cooling and condensation of the 
entering steam; second, the steam that is condensed and 
reevaporated in the first cylinder reappears as working 
steam in the second cylinder; third, the loss from con- 
densation in the second and third cylinders is also reduced, 
owing to the smaller range of temperature, between 
admission and exhaust in those cylinders. 

Ques. 464. — What are the mechanical advantages of 
compound and triple-expansion engines, for heavy duty? 

Ans. — First, the facility with which high rates of 
expansion may be carried out without bringing excessive 
strains and stresses on the framing of the engine; second, 
a greater uniformity of twisting moment on the shaft. 

Ques. 465. — What are the usual ratios of cylinder 
volumes in compound and triple and quadruple-expansion 
engines? 

Ans. — For compound engines 1 to 4 between high and 
low-pressure cylinders. For triple-expansion engines, 
the ratios are about 1, S and T, for high, intermediate 
and low-pressure cylinders. For quadruple-expansion 
engines the ratios are as follows: 1, 2, 43^ and 1034 for 
high-pressure, first intermediate, second intermediate and 
low-pressure respectively. 

Ques. 466. — What is meant by the term receiver, as 
used in connection with the stage-expansion of steam? 

Ans. — In the cace of a compound engine the receiver 
is the whole of the space between the high -pressure 
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piston, when at tlic end of its stroke, and the back of the 
low-pressure steam -valve, wliether it be slide rotative, or 
piston-valve. In the case of a triple-expansion engine, 
the space between the piston at the end of its stroke and 
the back- of the intermediate steam-valve is called the 
intermediate receiver, and the space between the inter- 




mediate piston at the end of its stroke and the low-pres- 
sure steam-valve is the low-pressure receiver. 

Qucs. 4(17. — What is the usual volume of these 
receivers in modern practice? 

Ans.— After many experiments with large reservoirs 
as receivers, it has been found that all that is necessary 
is a comparatively large exhaust pipe from the exhaust 
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orifice of the high-pressure cylinder to the steam inlet of 
the next lower pressure cylinder, it having been demon- 
strated that the volume of the exhaust passage and pipe 
from the high -pressure cylinder and the low-pressure 
valve-chest supplied sufficient space to allow for the com- 
pression that occurs between release from the h^h-pres- 
sure cylinder and admission to the low-pressure cylinder. 
jromModit' Q"^5- 468.— Does this law 
apply in the case of triple and 
quadruple- ex pans ion engines? 
Ans. — It does. 
Qucs. 469.~Upon what 
does the power of any stage- 
expansion engine depend? 

Ans. — The power of a 
stage-expansion engine work- 
ing at any given rate of ex- 
pansion depends entirely upon 
the dimension of its low- 
pressure cylinder or cylinders, 
.J^jlJ: and is not affected by the size 
of its high-pressure cylinder, 
carries out but one stage in the 
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which latter, in fact, 
expansion. 



Ques. 470. — What does the capacity of the low-pres- 
sure cylinder or cylinders of such an engine require to be? 

Ans. — The same as that of the whole of the cylinders 
of a simple engine of the same power, working at the 
same initial pressure and total ratio of expansion. 

Ques. 471.— Why is this? 
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Ans. — For the reason that, since the initial pressures 
and ratios of expansion are the same in bot.i engines, it 
follows that the terminal pressures and volumes must 
also be identical in both cases. In the simple engine the 
whole of the steam at the end of the stroke fills all of the 
cylinders, while in the compound engine it is contained in 
the low-pressure cylinder or cylinders only, hence the 
capacity of this cylinder must be equal to the capacity of 
all the cylinders of the simple engine. 




FROM BOIL£tt 



FiC. 119a. QUADRITLE EXPANSION EnGINE, WITH CYLINDERS AS ORDINARILY 

Arranged — Arrows Show Course Taken by the Steam. 



Ques. 472. — Why is it necessary in some cases to 
employ two low-pressure cylinders? 

Ans. — For the reason that in very large engines one 
low-pressure cylinder would be too large and unwieldy, 
therefore it is divided into two equal parts. 

Ques. 473. — Are compound and triple-expansion 
engines much in use outside of the marine service? 

Ans. — They are to a large extent, owing to the great 
gain in economy over the simple engine. Practically all 
large manufacturing plants use them. 
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Ques. 41i. — What other types of engines are in use 
in the marine service? 

Ans. — The vertical walking-beam engine is largely in 
use on the lakes, bays, and rivers of the United States. 
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Ques. 475. — What is the leading characteristic of thi« 
type of engine? 

Ans. — It has usually but a single cylinder, with a very 
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long stroke in proportion to its diameter, the length of 
the stroke varying from 7 to 12 feet. 

Ques. 476. — What pressures of steam are usually 
employed in beam engines? 

Ans. — Owing to the fact that the steam is expanded 
i:i a single cylinder only, the pressure carried is low — 5C 
to GO pounds per square inch. 

Ques. 477. — Mention another type of engine that is in 
common use on Western rivers. 




Ans, — The stern-wheel engine, consisting of a pair of 
engines, one cylinder on either side of the boat, and 
directly connected to the shaft of the stern-wheel. Like 
the beam engine, the stroke is long in proportion to the 
cylinder diameter, 

Ques, 478. — Are these engines simple or compound? 

Ans, — In former years simple engines were used alto- 
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gether, but the later types are compound, either tandem 
or cross-compound. 

Ques. 479. — What styles of valves and valve-gears 
are in use on these engines? 

Ans. — Poppet-valves, actuated by long cam-driven 
levers, are the most generally used. Other styles of 
valves, such as rotative valves, common slide and piston- 
valves, are also quite frequently used. 
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The valve-gear of a Corlis-^ et'uinc with a sinulc eccentric is shown in Pig. 122. 
The connections of the txhaust-valvcs with the wnst-plate are positive, and 
the travel of these valves is fixed, bei'ig a constant quantity, but the connections 
of the steam-valves with the wrist-olate are detachable, being under the control 
of the governor. 

Ques. 480. — What is meant in speaking of a four- 
valve engine? 

Ans. — An engine having two steam-valves and two 
exhaust-valves located near each end of the cylinder. 

Ques. 481. — What type of four-valve engine has met 
with great favor since its introduction? 

Ans. — The Corliss engine, invented by Mr. Geo. H. 
Corliss, of Providence, R. I. 
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-Qucs. 482. — What advantage does the four-valve 
engine possess over the single-valve type? 

Ans. — The advantage that each valve may be adjusted 
to a certain degree independently of the others, the steam- 
valves for admission and cut-ofT and the exhaust-valves 
for compression and release. 

Ques. 483. — What is one of the oldest forms of valve, 
and one that is still used extensively, especially on 
marine engines? 

Ans. — The D slide-valve. 




Fig. 123. 

Fig. 123 represents & slide-valve at mid-travel. S P— S P are the steam- 
ports and E P is the exhaust-port; the projections marked x at each foot of 
the arch inside the valve represent inside lap. and may be added to or taken 
from the inside edges of the valve, according as more or less compression is 
desired. The dotted lines O L — O L represent outside lap. 

Ques. 484. — What are the functions of the slide- 
valve? 

Ans. — It controls the admission, expansion and release 
of the steam and the closure of the exhaust. 

Ques. 485.— Upon what does the development of the 
full power of the engine and its efficient and economical 
use of steam, as well as its regular and quiet action, 
largely depend? 

Ans. — Upon the correct adjustment of its valve or 
valves. 



TYPES OF ENGINES — CLASSIFICATION 187 

Ques. 486. — How is the slide-valve fitted to the 
cylinder? 

Ans, — The slide-valve has a flat face and it works on 
the corresponding flat face of the cylinder. In the 
cylinder face there are three passages called ports, the 
two smallest, called steam-ports, leading to each end of 
the cylinder, and the larger one, called the exhaust-port, 
eading to either the receiver, condensor, or the atmos- 
phere, as the case may be. The valve is contained in a 
steam-tight chest or casing, either cast with the cylinder, 




Fig. 124. 

Fig. 124 shows the slide-valve in Sthe position of lead— exhaust opening has 
also occurred at the opposite end of the cylinder. The arrows show the course 
of the steam, also the direction in which the valve is traveling. 

or bolted to it. This casing or valve-chest is filled with 
live steam while the engine is working. 

Ques. 487. — How must the slide-valve be constructedt 
in order that it may properly perform the four important 
functions of admission, cut-off, release, and exhaust 
closure? 

Ans. — It must have lap and lead. 

Ques. 488.— What is lap? 

Ans. — Lap is the amount that the ends of the valve 
project over the edges of the ports when the valve is at 
mid-travel. 
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Ques. 489. — What is steam lap, or outside lap? 

Ans. — The amount that the end of the valve projects 
over the outside edge of the steam-port. 

Ques. 490. — What is inside or exhaust lap? 

Ans. — The lap of the inside or exhaust edge of the 
valve over the inside edge of the port. 

Ques. 491.— What is lead? 

Ans. — ^The amount that the steam port is open when 
the piston is just commencing its stroke. This is the 
instant of admission* 

Ques. 492. — When is the instant of cut-off? 




/ Z 

Pig. 12S. 
Pig. 125 shows the slide-valve at the end of its travel— full port opening. 

Ans. — When the admission of steam to the cylinder is 
stopped by the steam edge of the valve closing the steam- 
port and the piston is pushed the balance of the stroke by 
the expansion of the steam admitted before cut-off 
occurred. 

Ques. 493. — When is the instant of compression? 

Ans. — When the two inside or exhaust edges of the 
valve coincide with the inner edges of the ports, the piston 
being near the end of its stroke and the valve at mid- 
travel. 

Ques. 494. — When is the instant of release? 
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Ans. — ^When the inner edge of the valve commences to 
open the steam-port to the exhaust-passage. 

Ques. 495. — ^What is the advantage gained by com- 
pression? 

Ans. — ^A portion of steam is confined ahead of the 
piston, thus forming an elastic 'cushion to absorb the 
momentum of. the piston and other moving parts con- 
nected with it and bring all to rest quietly at the end of 
the stroke. 

Ques. 496. — How may this compression be increased 
or diminished? 




Fig. 126. 

Fig. 126 illustrates the instant of cut-off. The valve is now traveling in the 
opposite direction. 

Ans. — ^By adding to or taking away from the inside 
lap of the valve. 

Ques. 497. — What is the object of giving a valve lead? 

Ans. — The effect of lead is to cause the engine to be 
quick and not to lag at the beginning of the stroke. The 
live steam admitted through the lead opening also assists 
in forming a cushion for the piston at the end of the 
stroke. 

Ques. 498. — Do the principles governing the adjust- 
ment and action of the slide-valve necessarily have to be 
applied in the adjustment and action of rotative, piston, 
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and other forms of valves for controlling the distribution 
of steam in the cylinders of engines? 

Ans. — They do. The same general principles apply 
in all cases. 

Ques. 499. — How is motion generally imparted to the 
slide-valve or other types of valves? 

Ans. — By means of an eccentric, which is simply a cir- 
cular cast-iron or cast-steel sheave having a hole bored in 
it eccentrically with its own circumference, and large 
enough to permit of its being fitted on the engine shaft. 
The eccentric-sheave is either keyed on the shaft or held 
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Fig. 127. 
Fig. 127 shows the slide-valve at the instant of compression. 

in its place by set-screws, and therefore revolves with the 
shaft. On the circumference of the eccentric, which is 
of sufficient width to present a good bearing surface, a 
ring, called the eccentric-strap, works, and attached to 
this ring is the eccentric-rod, which is either directly con- 
nected to the valve-rod, or valve-stem, or else imparts * 
motion to the valve through the agency of a rocker-arm, 
and in many engines a link motion is used. The center 
of revolution of the eccentric being several inches apart 
from its center of formation, will, when the sheave 
revolves with the shaft, cause the eccentric to convert the 
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rotary motion into a reciprocating motion, which through 
the agency of the rod is imparted to the valve or valves. 

f Ques. 500. — What is meant 

by the throw of an eccentric? 

Ans. — The distance be- 
tween the center of the eccen- 
tric-sheave and the center of 
the crank-shaft. This dis- 
tance is also called the radius 
of eccentricity. 

Ques. 501. — What is meant 
by eccentric position? 

Ans. — The location of the 
highest point of the eccentric 
relative to the center of the 
crank-pin, expressed in de- 
grees. 

Ques. 502. — What is ang- 
ular advance? 

Ans. — The distance that 
the high point of the eccentric 
is set ahead of a line at right 
angles with the crank, in other 
words, the lap angle plus the 
lead angle. 

Ques. 503. — If a valve had 

Fig. 128 shows an eccentric with ^-A.Ur.^ i«^ ^^^ i^^A ,.rU«»f 

its strap and rod. E is the sheave, neither lap nor lead, What 

the center of which is shown at D. , * . t • • ^ l 

A is the center of the shaft. The WOUld bC the pOSltlOn 01 the 
distance A D represents the throw of 

SuS="hTS."'lofrc^'dBo??he hie'i point of the eccentric 
SHwc"" Ip! ""' "" "• ^ " "" "" relative to the crank? 




Fig. 128. 
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Ans. — It would be on a line exactly at right angles 
with the crank, as, for instance, the crank being at 
degrees, the eccentric would stand at 90 d^rees. 

Ques. 604. — How is the reversing of modern marine 
engines usually effected? 

Ans. — By means of the link motion, using two 
eccentrics. 

Ques. 505. — How many varieties 
of links are in use? 

Ans.— Three, the slotted link, 
the solid-bar !ink and the double- , 
bar link, 

Ques. 606. — Describe the slotted 
link. 

Ans. — It is a curved bar with a 
slot cut in it, in which the link-block 
is fitted. This link-block is attached ■- 
to the valve-rod by a pin, about 
which an oscillating motion of the 
block occurs. Two projectoins are 
formed on one side of the link, to ''"'■ '^- Suotted link. 
which the eccentric rods are connected. 

Ques. B07. — Describe the solid-bar link. 

Ans — The solid-bar link consists of a simple, curved, 
rectangular bar, with eyes formed at each end, for con- 
necting the eccentric-rods. The solid bar passes through 
the block. 

Ques. 508. — What is the general plan of the double- 
bar link? 

Ans. — It consists of a pair of curved steel bars joined 
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at the ends and kept a certain distance apart by distance 
pieces. Projecting pins are formed on the link-bars, two 
on each side, for the attachment of the eccentric- rods. 
The ends of the eccentric-rods are forked and contain each 
two adjustable bearings, which embrace the pins on each 
side of the link. The link-block is a steel or iron pin, 
sliding between the bars, and having projections on each 
I 




side which embrace the link-bars and through which these 
bars slide, on adjustable gun-metal liners. 

Ques. 509. — Why is it necessary that the link should 
be curved? 

Ans, — For the reason that it is used not only for 
reversing the engine, but also for working steam expan- 
sively, and therefore its shape must be such that when the 
block is in any intermediate position the center of the 
travel of the valve will always be constant, otherwise the 
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distribution of the steam to the two ends of the cylinder 
would not be evenly divided. 

Ques. 510.— What is the slip of the link? 

Ans. — A slight oscillating: movement of the link on its 
block. 

Ques. 511. — What is it that fixes the curvature of the 
link? 

Ans. — The length of the eccentric-rod; that is, the 
curve of the link is a circular arc, of a radius equal to the 
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Fig. 131. Plan Vif.w or I)i>vBi.p.«BAiieD Link. 



distance between the center of the eccentric and center of 
the pin at the end of the rod. 

Ques. 512. — Is there a type of reversing valve-gear 
that employs but one eccentric? 

Ans. — There is, viz., the Marshall radial valve-gear. 

Ques. 513. — It there a type of reversing valve-gear in 
which eccentrics are dispensed with? 

Ans. — There is, viz., the Joy valve-gear, by which the 
motion of the valve is derived from the connecting rod, 
through the medium of a vibrating link, one end of which 
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is jointed to the connectinif rod while the other end is 
constrained to move in a horizontal or vertical direction 
by the action of a radius rod. This motion is horizontal 
if the engine is a vertical engine, or vertical if the engine 
is horizontal. One end of another rod works on a pin in 
the vibrating link and near the other end of this rod is a 
fulcrum carried by a pin attached to sliding blocks on 
each side, working in sectors, which are carried by the 
reversing shafts Motion is communicated to the valve 
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Fig. 132 shows details of the construction of the link-block for a double* 
barred link. 

from a point in the last-mentioned rodbiyond the fulcrum 
carried by the sectors attached to the reversing shaft. 

Ques. 514. — How is the forward or backward move- 
ment of the engine effected with the Joy valve-gear? 

Ans. — By inclining the sector on one or the other side 
of the center line of the reversing shaft and the point of 
cut-off and consequently the amount of expansion depends 
upon the amount of the inclination, the central position 
being mid-gear. The reversing arm moves these sectors 
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to the required position. In Urse marine ensines the 
reversing mechanism is operated by a small starting 
engine. On locomotives and small engines it is operated 
by hand. 

Ques. 515. — Mention one of the advantages possessed 
by the Joy valve-gear, over the double eccentric and link 
motion. 

Ans. — By this gear a constant lead is secured for all 
linked-up positions. 




Ques. 510. — Is the Joy valve-gear much in use? 

Ans. — It is applied to a large number of i 
engines and locomotives, 

Ques. 517. — How is the lifting valve-gear of the 
marine beam engine actuated? 

Ans.^By curved cams keyed to a transverse shaft 
Four cams are fitted, two for steam and two for exhaust 
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Ques. 518. — How is the oscillating movement imparted 
to the transverse shaft? 

Ans. — From rocker-arms, one on each end of the 
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■<»t »ppliiiJ ID * vertical engine. In ihLi m»i eccentrics are diipensed with, ind 
the niDvement) of (he slidevilve obtaineirfrom the connectini lad. The vibrB- 

horiiontBllr by the action of the radiui rod C. One end ol snolher loJ. 1). 
vrorks on a Din in the vibratini link B: near the other end is a futcrum cattird 
by a pin F. attached to ilidma blocki on each side workim m Kctorj C. vihich 

the center of tlie revening shaft. pTom the motion it commutiicaled to lEe 
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•lide-valve rod by means of the link E, attached to a point K in the rod D beyond 
the fulcrum P. 

The forward or backward movement of the engine is governed by inclining 
the sector on one or the other side of the horizontal center line, and the amount 
of expansion depends on the amount of the inclination, the exactly central or 
horizontal position being 'mid*gear.' The reversing arm F R moves these sectors 
to the required position, and its extremity R is connected to the starting engine 
H. The paths of the point A in the connecting rod. and also of the point B in 
the vibrating link, as the engine revolves, are indicated by dotted lines, as are 
also the extreme positions of the sector center lines for ahead and astern working 
respectively. The gear as drawn is in the stop position. By this gear a constant 
lead is secured for all linked-up positions, since when the piston is at the top or 
bottom of the stroke the pin P co-incides with the center of the reversing shaft, so 
that in this position any movement of the sectors does not affect the position of 
the slide-valve. The up and down motion of the point B therefore gives a 
constant movement of the valve equal to the lap plus the lead, while the 
horizontal motion slidmg the block to and fro in the sectors adds the amount 
required for steam opening, this amount increasing with the angle of the sector 
to the horizontal. 

transverse shaft, the pins of which are engaged by hooks 
in the eccentric-rods. 

Ques. 519. — How are the poppet-valves of the West- 
ern river boat actuated? 

Ans. — By cams very similar to those on the beam 
engine. 

Ques. 620.— Describe the construction and action of 
a double-ported slide-valve. 

Ans. — A double-ported slide-valve acts in a manner 
similar to a single- ported valve in the admission of steam, 
but in addition there is what is practically an inner valve, 
to which steam is admitted through passages formed in 
the body of the valve. There are also two inner ^"K:)rts in 
addition to the two ports at the ends of the cylinder, and 
these inner ports or passages also lead to and are in cou • 
nection with the end ports. 

Ques. 521. — What is the object in using a double- 
ported valve? 

Ans. — To reduce the travel of the valve, which in 
large engines would be too great with a single-ported 
valve. 
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Ques. 5S2. — ^Are treble-ported valves used to any 
large extent? 

Ans. — ^They are, on large marine engines, their action 
being on the same general principles as the double-ported 
slide-valve. 




pipe. If IhcmainvilvcWlinkcdin, the isiiiHnl cylinder ia Klw Butinnalicallv 
ilmiluly Bffetted. 
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Ques 583. — How is the pressure of the steam on the 
back of a large, flat slide-valve lessened and relieved? 
Ans. — By relief packing rings. 

Ques. 524, — How are 
relief packing rings fitted? 
Ans. — They are some- 
times fitted on the back of 
the valve, but are generally 
fitted on the valve- chest 
cover, and are pressed out 
by springs so as to work 
steam-tight on a planed 
surface, either on the back 
of the valve or, on the in- 
side of the cover, thus re- 
~ ducing the area on which 
the steam- pressure can act. 
The space inside the pack- 
ing ring is connected to the 
condensor or the receiver of 
the succeeding engine. 

Ques. 535.— Do relief 
rings work in a satisfac- 
tory manner? 

Ans. — They do not, as 
a general thing, being 
troublesome to make effi- 
cient, and they also are difiicult of adjustment. 

Ques. 53G. — What form of slide-valve has been found 
to give good satisfaction, especially on the high and inter- 
mediate cylinders of large marinp pneinei? 
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Ans. — The piston slide-valve, consisting of two 
pistons connected together and working steam-tight in 
cylindrical chambers that contain the steam-ports. The 
face of each of the pistons corresponds to the face of the 
single-ported slide-valve, and performs the same functions. 

Ques 527.— What means are provided in large verti- 
cal engines for preventing the weight of the slide-valve, 
rod, and link gear from bearing upon the eccentric? 

Ans. — Balancing pistons, working in small steam- 
cylinders in the top end of the valve-casing. 

Ques. 528. — What is meant by setting the valve, or 
valves of an engine? 

Ans. — The adjustment and securing of the slide-valve 
in its proper position on the rod so as to secure the 
correct distribution of the steam in the cylinder. This 
also includes the fixing of the eccentric in its correct 
position on the shaft. 

Ques. 529 — What is the first, or one of the first, 
moves in valve-setting? 

Ans. — The rods and gear arc first coupled together, 
and the crank is placed on the dead center. 

Ques. 530. — What is the meaning of the expression 
dead center? 

Ans. — An engine is on the dead center when the crank 
is in line with the piston-rod, that is, when tlie centers of 
the crank-shaft, crank-pin, an<l cross-liead pin are exactly 
in line, so that the pressure of tlic steam on the piston 
exerts no turning moment on the shaft, but produces only 
direct thrust, subjecting the shaft to bending action only. 

Ques. 531. — With the engine on the dead center and 
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the rods and valve-gear all coupled up, what is the next 
move in valve-setting? 

Ans. — ^The slide-valve, by means of screws and nuts 
on the valve-rod, is fixed in the proper position to give 
the required lead for the corresponding end of the cylinder. 
The shaft is then turned around until the crank is on the 
opposite dead point and the lead of the valve for that 
end of the cylinder is measured. If the amounts of lead 
at the opposite ends are different, the position of the slide- 
valve on the rod should be adjusted by means of the nuts 
and screws, until the leads are either equal, or differ by 
the desired amount. The valve should then be perma- 
nently secured on the rod, so that its position may not 
alter. This is called equalizing the lead. 

Ques. 532. — If, after having gotten the lead equalized, 
it is found that there is too much or too little, how may 
it be decreased, or increased without altering the position 
of the valve on the rod? 

Ans. — To decrease the lead, reduce the angular 
advance of the eccentric, and to increase the lead it is 
necessary to increase the angular advance. 

Ques. 533. — What is the rule generally observed 
regarding the lead on large vertical engines? 

Ans. — In vertical engines, owing to the weight of the 
moving parts, the lead on the lower end is generally 
made slightly greater than the lead on the upper end, and 
more exhaust lap is allowed. In such cases the valve is 
set on the rod to give the required difference between the 
two leads. Then, if the lead be too great or too small at 
both ends, the required change may be made by moving 
the eccentric ahead or back on the shaft. 
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Ques. 534. — Is the position of the eccentric on the 
shaft necessarily fixed on all types of engines? 

Ans. — It is not. Many hig^h-class stationary engines 




Pic. 138. Piston Valvk. 



are fitted with isochronol or inertia governors, which 
control the position of the eccentric and vary the point 
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of cut-off according as the load on the engine is light or 
heavy, thus maintaining a regular speed. 

Ques. 535. — ^What types of valves are used with 
isochronol governors? 

Ans. — Slide-valves of various patterns; box- valves, 
in which the steam passes through the valve; piston 
valves, in which the steam either passes through or 
ai'ound the ends of the valve. 

Ques. 536. — In all types of reciprocating engines the 
same factors affecting the distribution of the steam are 
present. What are they? 

Ans. — Outside lap, affecting admission and cut-off, 
and inside lap, affecting release and compression. 

Ques. 537. — How are these factors distributed in the 
four- valve type of engine? 

Ans. — ^They are distributed among the four valves, 
each valve performing its own particular function in the 
distribution of the steam for the end of the cylinder to 
which it is attached. 

Ques. 638. — ^What advantage is there connected with 
setting the valves of a four-valve engine, as compared 
with a single valve? 

Ans. — ^Each valve may be adjusted to a certain degree 
independently of the others, thus, for instance, the steam- 
valves of a Corliss engine may be adjusted to cut off the 
steam at any point from the beginning up to one-half the 
stroke, without in the least affecting the release or com- 
pression, because these latter events are controlled by the 
exhaust-valves. 

Ques. 639.— What is the first requisite in setting the 
valves of a Corliss engine? 
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Ans. — To place the crank on the dead center. 

Ques. 540. — What is the next move? 

Ans. — To adjust the length of the hook-rod, if it ia 
adjustable; if not, then the length of the eccentric-rod, 
so that the wrist-plate will vibrate equal distances each 
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way from its central position, which is marked on top of 
the hub. 

Ques. 541. — How should the rocker-arm, that carries 
the eccentric-rod, and hook- rod be adjusted? 

Ans. — The length of the eccentric-rod should be such 
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that the rocker-arm will vibrate equal distances each way 
from a vertical position. 

Ques. 542. — How may the vibration of the wrist-plate 
and rocker-arm be tested? 

Ans. — By connecting, the eccentric-rod and the hook- 
rod in their proper places, and turning the loose eccentric 
around on the shaft in the direction the engine is to run. 

Ques. 543. — Having gotten these important adjust- 
ments correctly made, what is the next step in setting 
Q>rliss valves? 

Ans. — Remove the back bonnets from the four valve 




Fig. 140. Steam- Valvc or Corliss Engine. 



chests, and while neither the working edges of the valves 
nor the ports can be seen, yet certain marks will be found 
on the ends of the valves and corresponding marks on the 
faces of the chests, which serve as a guide in setting the 
valves. 

Ques. 544. — Having removed the bonnets and found 
the marks, what is to be done next? 

Ans. — Temporarily secure the wrist-plate in its 
central position by tightening one of the set-screws on 
the eccentric. Then connect the valve-rods to the wrist- 
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plate and to the small crank-arms attached to the ends of 
the valves, adjusting their lengths so that the steam- 
valves will have from M to j\ inch lap, and the exhaust 
valves from jfj to ti inch opening. 

Ques. 545. — In adjusting the steam- valves, what par" 
ticular detail should be carefully noted? 

Ans. — The direction in which the valves turn to open 
should be noted. In most Corliss engines the arm of the 
small crank to which the valve-rod is connected, extends 




Fig. 141. Exhaust-Valvk of Coeuiss Cmgink. 



downwards from the valve-stem. This will cause the 
valve to move towards the wrist-plate in opening. 

Ques. 54G. — After the valve-rods have been properly 
adjusted as to lenjjth, what is the next move? 

Ans. — Place the engine on the dead center— either 
center will do — and move the eccentric around on the 
shaft in the direction the engine is to run, until the 
eccentric is far enough ahead of tlie crank to allow the 
steam-valve for that end of the cylinder the proper 
amount of lead opening, which will vary according to the 
size of the engine. Then tighten the eccentric set screws 
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and tutn the engine around to the opposite center and 
note whether the lead is the same on both ends. 

Ques. 647. — ^In case there is a difference in the lead 
for the two ends, how may it generally be equalized? 

Ans. — By slig^htly altering the length of one of the 
valve-rods. 

Ques. 548. — ^What is the next point to receive atten- 
doiit in setting Corliss valves? 

TABLE 8 

LAP AND LEAD OF CORLISS VALVES 
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Ans. — ^The adjustment of the lengths of the rods 
extending from the governor to the releasing mechanism^ 
so that the valves will cut off at equal points in the 
stroke. 

Ques. 549. — How is this adjustment accomplished? 

Ans. — By raising the ^ook-rod clear of the wrist-plate 
pin and with the bar provided for the purpose, move the 

14 
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wrist-plate to either one of its extreme positions, as 
shown by the marks on the hub, and, holding it in this 
position, adjust the length of the goveraor-rod for that 
steam-valve (which will then be wide open) so that the 
boss or roller which trips the releasing mechanism is just 
in contact, or within iV inch of it. Then move the wrist- 
plate to the other extreme of its travel and adjust the 
length of the other rod in the same manner. 

Ques. 550. — How may the accuracy of this adjust- 
ment be tested? 

Ans. — Raise the governor-balls to their medium 
position, or about where they would be when the engine 
is running at its normal speed, and block them there. 
Then having again connected the hook-rod to the wrist- 
plate, turn the engine around in the direction in which it 
is to run, and when the valve is released by the trip, 
measure the distance upon the guide that the cross-head 
has traveled from the end of the stroke. Now continue 
to turn the engine in the same direction until the other 
valve is released, and measure the distance that the cross- 
head has traveled from the opposite end of the stroke, 
and if these two distances are the same, the cut-off is 
equalized. If there is a difference, lengthen one rod and 
shorten the other until the point of cut-off is the same for 
both ends. The lengths of the dash-pot rods should also 
be adjusted, so that when the plunger is at the bottom of 
the dash-pot the valve-lever will engage the hook. The 
lo«k-nuts on all rods should then be securely tightened. 
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CHAPTER Vn 

CONDENSERS — AIR-PUMPS — SEA-WATER 

Ques. 551. — What is the average composition of sea- 
water? 

Ans. — Sea-water contains about ^t part of its weight 
of solid matter, of which common salt (sodic chloride) is 
the principle constituent. The average composition of 
the solid matter in sea- water may be taken as follows: 

Sodic chloride, or common salt 76 per cent 

Magnesic chloride 10 

Calcic sulphate, or gypsum 5 

Magnesic sulphate 6 

Carbonate of lime, and organic matter 3 

Ques. 552. — Does the common salt in sea-water cause 
much trouble for the marine engineer? 

Ans. — It does not, for the reason that it remains 
soluble in water at all temperatures, and there is no 
deposit of salt, except under extreme circumstances. 

Ques. 553. — What is the principal scale-forming 
ingredient in sea-water? 

Ans. — Sulphate of lime, or calcic sulphate. Deposit 
is also formed by sulphate of magnesia, although it is less 
objectionable than the lime deposit. 

Ques. 654. — At what temperature does the sulphate 
of lime become insoluble in water and form a deposit on 
the boiler plates? 

Ans. — ^At a temperature of 280 degrees to 295 degrees 
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Fahrenheit, corresponding to a pressure of 35 to 
45 pounds pressure of steam by the gauge. As the tem- 
perature of the water rises, the other sulphates become 
insoluble, and at 350 degrees Fahrenheit, or 120 pounds 
gauge-pressure, sea-water is incapable of holding any 
sulphates in solution. 

Ques. 555. — What other cause, besides a high tempera- 
ture, tends to precipitate these salts? 

Ans. — Increase of density, caused by evaporation of 
the water, even if the temperature remains about 
212 degrees Fahrenheit. Sulphate of calcium is thus 
deposited at a density of z\. Common salt does not 
crystallize out until a density of about A is reached. 

Ques. 55G. — When was it possible to use sea-water 
for feeding boilers? 

Ans. — In the early days of marine engineering, when 
a low-pressure (35 to 45 pounds) was carried, and the 
jet condenser was used, in which the steam was exhausted 
into the condensing chamber, where it came into actual 
contact with and was condensed by a jet of cold sea- 
water. The feed-water for the boilers was drawn from 
this mixture of sea-water and condensed steam, conse- 
quently a large quantity of sea-water was sent into the 
boilers, but as the temperature was low and the density 
w-as not allowed to exceed A» the salts were held in 
solution fairly well. 

Ques. 557. — How was the increase of density pre- 
vented? 

Ans. — By blowing off a portion of the denser boiler- 
water at stated times, and making up the loss by ad- 
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mittiiiK a larger quantity of salt water. This was termed 
"brinins the boiler." 

Ques. 558. — ^What led to the introduction of the 
surface condenser? 

Ans. — ^With the advent of high pressures, it was 
found impossible to prevent the deposit of scale, and all 
of its attendant evils. It was therefore found necessary 
to condense the exhaust steam without bringing it into 
actual contact with the condensing water, hence the sur- 
face condenser was designed. 

Ques. 559. — Mention two of the principal advantages 
gained by the use of the surface condenser. 

Ans. — First, by its use fresh feed-water is obtained 
for the boilers; second, the condition of the condensing 
water is of no importance, as regards the feed-water so 
that, no matter whether it is salt, muddy, acid, or other- 
wise impure, pure water is always obtained for the 
boilers, provided the condenser is maintained in good 
condition and no leakage is allowed to occur. 

Ques. 560. — What is the meaning of the word 
vacuum? 

Ans. — That condition existing within a closed vessel 
during the absence of all pressure, including atmospheric 
pressure. 

Ques. 561. — How is a vacuum measured? 

Ans. — It is measured in inches of a column of mer- 
cury contained within a glass tube a little more than 
30 inches in height, having its lower end open and immersed 
in a small open vessel filled with mercury. The upper 
end of the glass tube is connected with the vessel in which 



214 QUESTIONS AND ANSWERS 

the vacuum is to be produced. When no vacuum exists, 
the mercury will leave the tube and fill the lower vessel. 
When a vacuum is maintained within the condenser, or 
other vessel, the mercury will rise in the glass tube to a 
height corresponding to the degree of vacuum. If the 
mercury rises to a height of 30 inches it indicates a per- 
fect vacuum, which means the absence of all pressure 
within the vessel, but this condition is never realized 
in practice, the nearest approach to it being about 
28 inches. 

Ques. 562. — Is the mercurial vacuum-gauge used in 
every-day practice? 

Ans. — For purposes of convenience it is not generally 
used, it having been replaced by the Bourdon Spring- 
gauge, although the mercury-gauge is used for testing. 

Ques. 563. — What is the advantage, from a purely 
economic standpoint, in allowing the exhaust steam to 
pass into a condenser in which a vacuum is maintained 
rather than to allow it to exhaust into the open air? 

Ans. — In a non-condensing engine, that is, an engine 
in which the exhaust steam passes into the open air, the 
pressure of the atmosphere, amounting to 14.7 pounds 
per square inch at sea-level, is constantly in resistance to 
the motion of the piston. Therefore the exhaust or ter- 
minal pressure can not fall below the atmospheric pres- 
sure and is generally from 2 to 5 pounds above it, caused 
by the resistance of bends, and turns in the exhaust pipe, 
or other causes which tend to retard the free passage of the 
steam. On the other hand, if the steam were allowed to 
exhaust into a condenser in which a vacuum of 25 inches 
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is being maintained, the terminal pressure or back pres- 
sure in resistance to the forward motion of the piston 
would be but 2.5 pounds, and if a vacuum of 28 inches 
existed in the condenser there would be practically no 
back pressure, thus making available for useful work the 
14.7 pounds of steam which in the non-condensing engine 
was required to overcome the resistance of the atmos- 
pheric pressure. 

Qucs. 504, — Is it proper, then, 
to consider the vacuum in a con- 
denser as power? 

Ans.— The vacuum can not be 
considered as power at all. It oc- 
cupies the anomalous position of 
increasing, by its presence, the ca- 
pacity of the engine for doing work. 

Ques. 5G5.— How is the vacuum 
in a condenser usually maintained? 

Ans. — By a pump called an air- 
pump, although a partial vacuum ^^^ 
can be produced by the mere conden- Siraoi. cdbdikse». 
sation of the exhaust steam as it enters the condenser, by 
allowing a spray of coM water to strike it. The steam when 
it 6rst enters the condenser drives out the air and the vessel 
is filled with steam at a low pressure, which, when con- 
densed, occupies about 1.000 times less space than it did be- 
fore being condensed, hence a partial vacuum is produced. 
The action of the siphon injector is based upon this principle. 

Ques. 56(5. — Describe the construction and action of 
the siphon condenser. 
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Ans. — The siphon condenser is a form of jet condenser 
in which no air-pump is used. In this type of condenser 
the supply of condensing water is drawn from outside 
pressure, either from an overhead tank, or other source. 




and passing into an annular enlargement of the exhaust- 
pipe, is discharged downwards in the form of a cylindrical 
sheet of water, into a nozzle which gradually contracts. 
The exhaust steam, entering at the same time, is con- 
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densed and the contracting neck of the cone-shaped nozzle 
gradually brings the water to a solid jet and it rushes 
through the nozzle with a velocity sufficient to create a 
vacuum. This type of condenser can only be used where 
the discharge pipe has a perfectly free outlet. 

Ques. 5GT. — Describe in general terms the construc- 
tion and action of the jet condenser. 

Ans.- — The jet condenser is usually a vertical,cylindri- 




cai, cast-iron vessel, made air-tight, and which receives 
the exhaust steaiii from the low-pressure cylinder. In 
modern plants, condenser-shells are often made of sheet 
steel in cylindrical shape, reenforced with stiffening rings. 
The exhaust steam enters at the top and the condensing 
water enters usually at the side, (lowing in through the 
spraying nozzle, ami, discharging through a large num- 
ber of small holes, comes in contact with the steam in the 
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form of spray, thus producing a quick condensation while 
falling to the bottom of the condenser, to be drawn off by 
the air-pump. A cock or valve is fitted in the injection 
pipe, for the purpose of regulating the supply of cooling 
water. 

Ques. 568. — Why is an air-pump a necessary part of a 
reliable jet-condensing apparatus? 

Ans. — The mixture of condensing water and con- 
densed steam must be pumped away constantly, also the 
condensing water always contains a certain volume of 
air in solution, which may be liberated, either by boiling 
it or by reducing the pressure to which it is subjected. 
This air is liberated in the condenser, and if it is not 
pumped away regularly, it is liable to accumulate and 
spoil the vacuum. 

Ques. 569. — How may the dimensions of a single-act- 
ing air-pump for a given sized engine be determined? 

Ans. — In the solution of this problem, two factors 
must be considered: First, the total volume of the low- 
pressure cylinder; second, the density of the exhaust 
steam. The volume of the air-pump cyUnder is then 
found by the following rule: Multiply the volume of the 
low-pressure cylinder in cubic feet by 3.5, and divide the 
product by the number of cubic feet contained in 1 pound 
weight of exhaust steam at the pressure at which it 
enters the condenser. This rule applies only to jet con- 
densers. 

Ques. 570. — Describe the construction and action of 
the surface condenser. 

Ans, — The surface condenser, like the jet condenser. 
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is an air-tight iron or steel vessel, either cylindrical or 
rectangular in shape, but, unlike the jet condenser, it is 
fitted with a large number of brass or copper tubes of 
small diameter (generally about H inches), through which 
cold water is forced by a pump called a circulating 
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Side view of large cylindrical horizontal surface-condenser having two 
exhaust-inlets. The tubes are not shown. The steam enters at the orifices marked 
A, and is withdrawn, when condensed, through the orifice B by the air-pump. 
The circulating water enters at C and is confined by the diaphragm D to the 
lower half of the tubes, and. having traversed these tubes, it returns through the 
upper half of the tubes, being tinally discharged to the sea through the pipe E. 
T. T. are the tube plates near the ends of the condenser casing. 

pump. A vacuum is maintained in the body of the con- 
denser by the air-pump, and the steam exhausting into 
this vacuum is condensed by coming in contact with the 
cool surface of the tubes. Or, as is often the case, the 
exhaust steam passes througli the tubes instead of around 
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them, and the cooling water is forced into and through 
the body of the condenser, the vacuum in this case being 
maintained in the tubes. The tubes may be placed either 
vertical or horizontal. When the steam is passed through 
the tubes, they are generally placed vertical, while, on the 
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other liand, if the water circulates thro gh them they are 
placed horiiontal. The systen of causing the water to 
circulate through the tubes the steam surround ng them, 
if gener 
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Ques. £71. — How are the tubes e«°eiBlly amni^ in 
a surface condenser? 

Ans. — They are arranged in one or more systems, so 
that the condensing water passes through the condenser, 
usually twice, the coldest water entering at the bottom 
and coming in contact with the steam at its lowest tern- • 
perature, and the warmest water at the top meeting the 
hottest steam. The e^chaust 
steam enters at the top and 
after passing over the cold 
tubes is removed in the form 
of water, by the air-pump. 
The steam is directed in its 
downward course by bafl9e- 
plates, thus securing complete 
utilization of the cooling sur- 
face. A space is provided at 
the bottom of the condenser 
for the accumulation of the 
water of condensation below 

Glakd Packing kir thb TuiM the COoling surface. The COU- 
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denser casmg or shell for naval 
vessels is either cast in brass or else built up from com- 
position sheets, in order to save weight and prevent cor- 
rosion and galvanic action, which would be more liable 
to take place with an iron or steel shelL 

Ques. 572. — How are thetuLes secured in their places? 

Ans. — Brass or composition tube-plates are placed in 
the shell, near each end, sufficient space being left 
between the outside cover-plates and the tube-platei for 




SS2 QUESTIONS AND ANSWERS 

the circulation of the cooling water. Into these platea, 
which are thick enough to furnish a Eood bearing for the 
tubes, the ends of the tubes are fitted and packed thor- 
ouehly tieht, sometimes with a wood packing, sometimes 
with small screwed stuflmg boxes with glands and fol- 
lowers, which tighten upon wick packing. The wood 
packing consists of a small soft wooden sleeve, which is 
forced into the small hole over the tube end in a dry 
state, and after becoming wet it swells and clamps the 
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tube, thus forming and preserving a tight joint so long 
as it is kept wet, 

Ques. 573. — W'liich kind of packing is the most reli- 
able for condenser tubes? 

Ans. — The gland and wick, for the reason that it 
always remains tiglit. wiiile on the other hand the wood 
packing will shrink and become loose if the condenser is 
out of service for a time. 
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Ques. 574. — What are the usual dimensions of the 
tubes of surface condensers? 

Ans. — They are generally about H inches in diameter, 
are made of brass, about I^y of an inch thick, of a com- 
position consisting of not less than 70 per cent of coppei 
and not less than 1 per cent of tin, the remainder being 
zinc, the small quantity of tin being added to prevent 
galvanic action. The tubes are pitched not less than JJ 
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inches apart in order to allow sufficient material for the 
gland. They are zigzagged so as to occupy as small a 
volume as possible. Condenser tubes vary considerably 
in length, depending upon the size of the condenser, the 
usual length in large condensers being from 8 to 10 feet, 
while in some very large condensers the tubes are 14 or 
15 feet in length. The tube-plates are about 1 inch thick. 
in order to provide sufficient depth for the gland and 
packing for the tubes. 
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Ques. 67S. — What type of air-pump is eeoenlfT aied? 
Ans. — The vertical sinele-acting air-pump hu been 
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found to be the most efficient. In vertical engines the air- 
pump generally receives its motion from the cross- 
head of the engine, through the medium of a short 
walking-beam. There are, however, a great many 
engines fitted up with an independent air-pump and 
condenser, in which the air-pump is simply an ordinary 
double-acting steam-pump, having its own steam- 
cylinder, and may be operated independently of the engine, 
which is a great advantage, as there is not so much 
. danger of the water from the condenser backing up into 
the cylinder in case of a sudden shut-down of the engine, 
which is liable to occur with a jet condenser. 

Ques. 576. — Describe the parts of the vertical single- 
acting air-pump. 

Ans. — It consists pf the barrel, or cylinder, the suc- 
tion-channel way at the bottom, the cover, with delivery- 
channel way and the hot well, the whole being made air- 
tight. The moving parts are the bucket, or piston, with 
its valves, the foot-valves and the head-valves. 

Ques. 577. — Describe the arrangement of the air- 
pump in connection with the condenser. 

Ans. — The suction-channel way is in connection with 
the lowest part of the condenser, in order that the water 
can be readily and completely removed from the condenser. 
It usually supports the foot-valves and all joints and 
valve-seat division-plates require to be fitted air-tight. 
The barrel is generally connected to a flange or facing of 
the suction-channel way, and it is constructed of com- 
position or cast iron with a composition sleeve pressed in 
and bored out truly cylindrical, in order to form a smooth 
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and durable working-cylinder for the bucket or piston, 
which is kept tight against the barrel, either by water* 




Fio. 151. SecTiONAL ViKw OP Vertical Singlb Acting Air-pump. 



grroov^s, or, more commonly, by packing, consisting of 
erne or more split metallic packing rings. Sometimes 
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fibrous soft packing, held in place and compressed by a 
follower ring, is used. A stuffing box is provided in the 
top cover, through which the piston-rod or trunk, as the 
case may be, has water-tight passage. 

Ques. 578. — What kind of valves are used in air- 
pumps? 

Ans. — Rubber valves, 
either of hard or soft rub- 
ber, but since the introduc- 
tion of mineral oil as a 
lubricant for the engine cyl- 
inders, it has been found 
that the ordinary rubber 
valves deteriorate under its 
influence, and metal valves 
are now largely coming into 
use, especially in the navies. 
They may be made of thin 
sheet metal, are light, and 
not affected by grease, if 
cleaned occasionally, and 
will last a long time. In 
' form, air-pump valves are 

^'stAT ABU Gu""o» AiVruMr''*'' either single rectangular 
flaps that lift on one edge 
against a curved metallic guard, or else there are a number 
of smaller circular valves, lifting bodily from their seats, 
and secured to the seat by a central stud, which also carries 
a metal guard above the valve. The valve-seats are usually 
independent, being constructed of composition metal, and 
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pressed into their places. They are divided into small 
spaces by gratings, so that the unsupported area of the 
valve may not be too large. The bucket carries the 
bucket-valves, which allow the air and water to pass 
through to the delivery side. Air-pump valves are some- 
times fitted with spiral springs of bronze wire on top, to 
secure quick closing. The flap valves are clamped to the 
seat, on the stationary edge, by their curved guards. 

Ques. 579. — How is the bucket or piston of the air- 
pump actuated? 







Fig. 153. Section of Metai. Valve. Valve-seat and Guard for Air-pump. 



Ans. — Either by a solid piston-rod, or by a hollow 
trunk, made entirely of composition, or covered by a 
composition sleeve. With the piston-rod type it is neces- 
sary to have a connecting rod and guides above the top 
cover of the air-pump, while the trunk type contains the 
connecting rod bearing in the trunk, near the bucket, and 
requires no extra guides. 

Ques. 580. — What is the function of the hot well? 

Ans. — It acts as a small reservoir, for the accumula- 
tion of the discharge-water from which the feed-pumps 
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draw their supply. The later vessels in the English navy 
are fitted with "fecI-tanks" in which the discharge from 
the air-pumps is allowed to accumulate, and from which 
the feed-pumps draw their supply of water for feeding 
the boilers. There is a feed-tank for each engine-room, 
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and they are connected by a pipe running between the two 
engine-rooms, fitted with a shut-off valve worked from 
either engine-room. These feed-tanks are fitted with 
glass water-gauges and zinc slabs. 



S30 . QUESTIONS AND ANSWEKS 

Quel. 581. — What is th« function of the drcuUtms 
pump in connection with the surface condenser? 
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Ans. — It either forces or draws the cooling watet 
through the tubes or the body of the condenser. 
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Ques. 582. — What type of pump has been found to be 
best adapted to this work? 

Ans. — The centrifugal pump worked by an indepen- 
dent auxiliary engine, for the reason that the pump works 
smoothly, there are no valves, and having a separate 
engine, it can be kept working and the condensers kept 
cool when the main engines are stopped, which is not the 
case with a pump that receives its motion from the main 
engines. Another great advantage possessed by the 
independent system is, that the speed may be regulated 
so as to supply the required quantity of water. 

Ques. 583. — Describe the construction and action of 
the centrifugal circulating pump. 

Ans. — The pump consists of an impeller wheel or fan 
revolving inside a casing. The impeller and casing are 
made of gun metal, and the spindle or shaft carrying the 
impeller is either cast of gun metal in one piece with the 
impeller, or formed separately of forged bronze and keyed 
to it. This spindle runs in lignum-vitae bearings and is . 
lubricated with water. The impeller generally consists 
of a central web guiding the incoming water, with two 
side-plates that gradually approach each other as they 
near the circumference and between which runs a series 
of curved vanes. These vanes are curved away from the 
direction of rotation as they proceed from the boss to the 
circumference. The water enters the central part of the 
impeller through the inlet pipe and is thrown by the 
rapidly revolving vanes outwards and around into the 
casing which surrounds the circumference of the wheel. 
The casing is of gradually increasing area and leads to 
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the delivery pipe, throueh which it is forced by the cen- 
trifugal action to the condenser, where, after traversing 
the tubes, it is discharged overboard. The ottii^ is 
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formed in two parts to enable the impeller to be inserted 
and also to facilitate inspection. 
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Ques, 584. — How is the quantity of water required to 
condense the exhaust steam of an engine determined? 

Ans. — The quantity of cooling water required for a 
condensing system depends primarily upon the system, 
whether it is surface condensing or whether the condenser 
is a jet condenser The surface condenser needs a greater 
quantity of water than does the jet condenser. This is 
due to the fact that in the surface condenser the water, 
not being mixed with the steam, can not absorb the heat 
so rapidly. 

Ques. 585. — About how much more water does a sur- 
face condenser require than is needed by a jet condenser? 

Ans. — About 15 per cent more. 

Ques. 586. — What three factors determine the quantity 
of cooling water required? 

Ans. — First, the density, temperature, and volume of 
the steam to be condensed in a given time; second, the 
temperature of the overflow and third, the temperature of 
the injection water. For instance, it may be desired to 
keep the overflow at as high a temperature as possible, for 
the purpose of feeding the boilers, or the temperature of 
the injection or cooling water varies greatly. It may 
be 35 degrees in the winter and 70 degrees in the summer. 
Id the marine service the temperature of sea-water 
varies considerably, depending upon the locality, in the 
tropics the temperature of the sea-water in the summer 
being often as high as 85 degrees Fahrenheit. 

Ques. 587. — What quantity of condensing water would 
be required in a jet condenser into which the exhaust 
steam under an abcolute pressure of ? pounds is passing. 
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assuming the temperature of the cooling water to be 
55 degrees and the temperature of the overflow to be 
110 degrees? 

Ans. — In these calculations the total heat in the steam 
must be considered. This means not only the sensible 
heat, but the latent heat also. Now in 1 pound weight of 
steam at 7 pounds absolute pressure. the total heat is 
1,135.9 heat units. The temperature of the overflow being 
110 degrees, the total heat to be absorbed from each pound 
weight of steam in this case would be 1,135.9 
— 110 = 1025.9 thermal units. The temperature of the 
condensing water being 55 degrees and the temperature 
of the overflow being 110 degrees, there will be 110 
degrees — 55 degrees = 55 degrees of heat absorbed by 
each pound of cooling water passing into and through the 
condenser, and the number of pounds of water required 
to condense each pound weight of steam under these 
conditions will equal the number of times 55 is con- 
tained in 1,025.9, thus, ^iV= 18.65 pounds. Assuming 
the steam consumption of the engine to be 17 pounds per 
indicated horse-power per hour, then 17 X 18.65 = 317.05 
pounds of water is required per horse-power per hour for 
condensing purposes. 

Ques. 588. — How is the weight of cooling water 
required per hour determined, when the steam consumption 
per indicated horse- power per hour is not known? 

Ans. — In this case the volume of steam exhausted per 
hour must be considered. Thus, assume the cylinder from 
which the steam is exhausted to be 24 X 48 inches and 
the revolutions per minute to be 80. The piston dis- 
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placement will equal area of piston less one-half area of 
rod* multiplied by length of stroke. The area of a circle 
24 inches in diameter = 452.39 square inches. Suppose 
the piston-rod to be 4.5 inches in diameter, its area is 
15.904 square inches, one-half of which = 7.952 square 

Table No. 9 

Jet Condensing 
Quantity of Injection Water per Revolution of Engine, 
injection water 50** overflow 110** 



Low*pr 


essurc Cylinder. 


L Singlc-cylin- 
f dcr. Water 
per Rev. 


Two-cylinder, 

Water per 

Rev. 


Three-cylin- 
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Lbs. 


Galls. 


Lbs. 


Galls. 


Lbs. 


Galls. 
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4.2 

5.1 

7. 

8.3 
11. 
12.6 
16.2 
18.3 
22.8 
25.5 
31. 
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48.5 
57. 
66. 
75.6 
85. 


.5 
.61 
.84 
1. 

1.45 
1.52 
1.95 
2.2 
2.75 
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5.84 
6.89 
79 
9. 
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3.9 
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6.6 
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61.5 
70.5 
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1.24 
1.41. 
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3.45 
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6.4 
7.41 
8.5 
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21.9 
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.53 


24x42 
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26x42 
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30x48 




1.3 
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36x60 




2.36 


38x60 




2.64 


40x66 




3.2 


44x66 




3.8 


48x72 




5. 
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5.9 


56x72 




6.8 


60x72 




7.8 


64x72 




8.9 









(Table No. 9.— From Book on Compound Engines. By James Tribe, De- 
troit, Mich. ) 

inches. The effective area of the piston is therefore 
452.39 — 7.952 = 444.4 square inches and the piston 
displacement equals 444.4 X 48 = 21,332.64 cubic inches. 
It is necessary in thi^ calculation to express the total 
volume of steam exhausted per minute in cubic feet, 
therefore 21,332.64 -^ 1.728 (number of cubic inches inja 
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cubic foot) gives 12.84 cubic feet of piston displacement, 
and the engine running at a speed of 80 revolutions per 
minute will send into the condenser a volume of steam 
equal to twice the piston displacement multiplied by the 
number of revolutions per minute, expressed thus: 12.34 
X 2 X 80 = 1,974.4 cubic feet per minute. Assuming the 
absolute pressure of the exhaust to be 7 pounds per 
square inch, the weight of 1 cubic foot of steam at 7 
pounds absolute is .0189 pounds and the total weight of 
steam exhausted per minute would be 1,974.4 X .0189 = 
37.3 pounds, and if 18.65 pounds of water is required to 
condense 1 pound weight of steam at 7 pounds absolute, 
the total weight of water required per minute in this case 
would be expressed as follows: 37.3 X 18.65 = 695.8 
pounds, or per hour 695.8 X 60 = 41,748 pounds, equal to 
5,029 gallons. 

Ques. 589. — ^What quantity of condensing water would 
be required in a surface condenser, assuming the condi- 
tions to be the same as described in the answer to question 
587? 

. Ans. — ^A surface condenser requires about 15 to 
20 per cent more condensing water than a jet condenser 
does. It was seen in the answer referred to that 18.65 
pounds of water were required to condense 1 pound 
weight of steam, therefore the quantity of water required 
by the surface condenser would be about 22 or 23 pounds 
for each pound of steam. 

Ques. 590. — What provision is made on board of 
vessels for obtaining a supply of water for the condensers 
and for other purposes? 
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Ans. — All holes in the hull of a ship below the water- 
line for the supply or discharge of condensing wa- 
ter, or for any other purpose, are fitted with valves 
having long spindles 
which- are brought inside 
the vessel through stuff- 
ing boxes, in order that 
the valves may be worked 
from inboard. The cir- 
culating pumps take 
their suction from a 
large screw -down inlet 
valve on the bottom of 
the ship, while the dis- 
chai^e is through simi- 
lar valves on the ship's 
side, 

Ques. 591.— What 
type of valve is largely 
used for this purpose? 

Ans. — The Kingston 
sea-valve. Strainers are 
placed over all inlets, to 
prevent the entrance of 
weeds and other impuri- 
ties. 




CHAPTER Vin 

AUXILIARY MACHINERY AND FITTINGS 

Ques. 592. — Besides the air and circulating pumps, 
what other pumps are required in well-equipped steam 
plants, or aboard steam-ships? 

Ans. — Boiler feed-pumps, fire service, pumps for 
hydraulic elevators, and other service requiring water- 
pressure, and in addition, on ship-board, pumps are 
required for emptying the bilges and tanks and for supply- 
ing water for washing the decks, evaporator service and 
for sanitary purposes. 

Ques. 593. — Is there a special pump provided for each 
service? 

Ans. — Not in all cases, but one pump may be con- 
nected in such a manner as will permit of its being used 
alternately for several different purposes. However, a 
special pump is, or at least should always be provided for 
feeding the boilers. Also a special bilge-pump is usually 
supplied, for the reason that it handles very dirty water, 
that should not be passed through any other pipe system. 
In small vessels one pump (the donkey) usually serves for 
nearly all purposes, including auxiliary boiler-feed, and 
on Western river steamers an independent pump (the 
doctor) having a steam-cylinder and walking-beam, drives 
a system of pumps for feed, fire and bilge-pumping 
service. 
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Ques. 594.— What special features should appertain 
to the boiler feed-pump? 

Ans.— It should be simple, durable, of great strength 
and ample capacity to insure regular and reliable service 
under the most severe conditions. It is always best to 
have the main and auxiliary feed-pumps duplicates of 
each other if possible, for the reason that in cases of 
emergency the different 
parts are interchangeable. 
In the marine service the 
main feed-pump draws its 
supply of water from the 
hot well, feed-heater or the 
feed-tank, as the case may 
be. The auxiliary or du- 
plicate feed-pump may be 
arranged so as to draw 
from either of these sources, 
and also from the sea, thus 
making provision for 
emergency. 

Ques. 595.— W here 
should the feed-pumps be 
located? 

Ans. — As near to the boiler-room as possible, in order 
that the engineer in charge of the boilers may have full 
control of the feed-water supply. On board of vessels, 
when the feed-pump is worked from the main engine, the 
auxiliary, or injector is usually placed in the stoke-hold. 
Ques. 596. — What type of boiler feed-pomp has 
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been found to be the most reliable for all kinds of 
service? 

Ans. — The double acting steam-pump, working inde- 
pendently of all other machinery. The horizontal variety 
is principally used for land service, while on board steam 
vessels the vertical type is preferred, for the reason that 
it occupies less floor space. In both the horizontal and 
vertical types, the water valve-chambers have removable 
covers, allowing a ready access to the valves and valve- 
seats. The steam-valves of these pumps are actuated in 
various ways. In the duplex variety, which consists of 
two pumps combined into one, the steam-valve of one 
side is moved from the piston-rod of the other, and vice 
versa, while with a pump having but a single steam-cylin- 
der, the steam-valve is worked by a tappet action from 
«ts own piston-rod. 

Ques. 597. — What two varieties of feed-pumps are 
largely in use on ocean steamers? 

Ans. — The Weir vertical double-acting steam-pump 
and the Belleville, which is built either vertical or horizon- 
tal. In the Weir pump the water-valves are a series of 
small cones milled out of solid metal and give ^ large 
area of opening with a slight lift. The steam-valve 
arrangement of the Weir pump is rather complicated and 
requires to be maintained in perfect condition, to insure 
good service. It consists of a main valve for distributing 
steam to the cylinder and an auxiliary valve for distribu- 
ting steam to work the main valve. The main valve moves 
horizontally from side to side, being driven ty it^«- 
admitted and exhausted from each end alternately. The 
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auxiliary valve is actuated by a lever with a fixed fulcrum 
worked by the piston- 
rod of the pump. This 
auxiliary valve moves on 
a flat face on the back of 
the main valve and in a 
direction at right angles 
to the latter. Both the 
main and auxiliary valves 
are simply slide valves, 
but the main valve is half 
round, the round side 
working oti the corre- 
spondingly shaped cylin- 
der port-seat, while the 
back of the valve is Hat 
and forms the seat for 
the auxiliary valve. Both 
ends of the main valve 
are lengthened, so as to 
project beyond the port 
face and are turned cylin- 
drical, with flat ends. 
Caps are fitted on each 
of these ends, forming 
cylinders which are 
closed at the mouths by 
the flat ends of the mam 
valve, which act as pis- 
tons, the length of stroke 
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that the piston can make being the full travel of the 
valve. The auxiliary valve-seat has three ports, the 
center one being the exhaust and the two side ports being 
steam-passages leading through the piston ends of the 
main valve. The right-hand cylinder port-passage is led 
through the left-hand end of the piston and the left-hand 
passage leads to the other end. These ports admit steam 
to the two small caps or cylinders at each end of the valve 
alternately, by which it is thrown from side to side. 
Besides the ports already referred to, there are two 
other ports formed on the auxiliary valve-seat leading to 
and corresponding to two ports on the half-round seat of 
the main valve. These ports are for the purpose of 
admitting steam to the top and bottom of the main cylin- 
der, and are arranged on the auxiliary valve-seat to cut 
off steam before the end of the stroke, and so reduce the 
speed of the piston, but the expansion chambers at each 
end of the main valve are fitted with by-passes to admit 
steam for the full stroke when so desired. This may be 
necessary when starting the pump, as then the water- 
cylinder may be full of water. These by-passes are formed 
by notches cut in the edges of the caps and may be opened 
or closed by turning the caps by means of spindles pro- 
vided at each side of the valve-chest, and thus give a 
definite cut-off. There are separate by-passes for the up 
and down strokes, and the silent working of the pump 
depends upon the proper adjustment of these by-passes. 

Ques. 598. — Describe the action of the Belleville feed- 
pump. 

Ans. — The pump is double-acting, having an ordinary 
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flat slide-valve without lap, worked by a curved lever, 
which is moved at each end of the stroke, by a projection or 
lug on the piston-rod. The steam-ports are arranged at 
each end of the cylinder in such a manner as to admit the 
steam uniformly all around the cylinder circumference, 
and not at the top only, which prevents bending forces 
on the rod. The steam-pressure remains constant, 
therefore, until near the end of the stroke, when the pro- 
jection strikes the valve-lever and commences to close the 
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steam-valve, so that the steam-pressure falls and the 
motion would cease, but for special provisions. Before 
the piston can commence the return stroke, it is necessary 
that the valve should not only be closed but pushed suffi- 
ciently far over to reopen for steam on the other side. 
To enable the steam already in the cylinder to complete 
the stroke and throw the valve over to the opposite side, 
an orifice is provided at each end of the water-cylinder, 
closed by levers and communicating with the suction- 
chamber, so that when the water-piston nears the end of 
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its Stroke, it strikes one of these levers and opens the orifice 
to the suction-chamber, thus causing the pressure in the 
water-cylinder to fall, and the steam, although cut off, 
is enabled by its expansive force to push the piston to the 
end of the stroke and reverse the valve. When motion 
begins in the opposite direction the water-valves are a 
series of small valves, generally eight in number, at each 
end, four for suction and four for discharge. Small holes 
about tV inch in diameter, are made through the levers into 
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the passage leading to the suction chamber, so that a 
small quantity of water is always escaping from the water- 
cylinder, which causes the pump to keep slowly in motion, 
even when the feed-valves on the boilers are closed. 

Ques. 599. — Are feed-water heaters much in use in 
the marine service? 

Ans. — They are largely used in the mercantile service, 
and results justify their adoption. 

Ques. 600. — Describe the construction and operation 
of Kirkaldy's feed-heater. 
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Ans. — It is constructed along lines similiar to a sur- 
face condenser, having tubes rolled into tube-ptates in the 
ordinary manner, the whole surrounded by an outside shell, 
leaving spaces at each end between the tube-plates and 
end-covers. The feed-water does not mix with the 
heating steam, but is drawn through the tubes, on the 




outside of which is the steam, which is usually the exhaust 
from various auxiliary engines, or it may be drawn from 
the boilers. By-pass valves are fitted, so that when 
necessary the feed-water can be passed direct, without 
passing through the heater. 
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Ques. 601. — Describe the construction and operation 
of Weir's feed-heater and r^ubtor. 

Ans. — It takes steam from the Saal receiver of the 
engine after it has done most of its work. The steam 
enters the heating chamber through a circular perforated 
ring and there mixes with the cold feed-water, which is 
admitted through the spring-loaded valve on the coret; 
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The heated water falls to the bottom of the heater, from 
whence it is removed by the feed-pump. A galvanized 
iron float is fitted to the bottom of the heater, which 
communicates by means of levers with the steam-valve 
leading to the feed-pump, thus keeping the water-level 
constant in the heater and preventing the pumps from 
drawinfc air. 
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Ques. 602. — What provision is made on board steam- 
vessels for the prevention of oil or grease passing into 
the boilers along with the feed-water? 

Ans. — Numerous types of grease-filters are in use. 
In the Harris grease-filter the feed-water is caused to pass 
through a series of gratings, on each of which is fitted 
one or two sheets of filtering material, consisting of 
toweling or flannel, supported by wire gauze. When the 
cloths become dirty they are cleaned by a steam jet, and. 
washed off by a reverse current of water. 

Ques. 603. — What is the object of placing a governor 
on an engine? 

Ans. — To maintain regularity of speed of the engine 
when the load is varied from any cause. 

Ques. 604. — Upon what principle do the most of the 
governors for land engines operate? 

Ans. — Upon the principle of centrifugal force causing 
two balls or weights, each suspended or attached to a lever 
swinging on a fulcrum, fixed near the top of a vertical 
revolving spindle, to fly outward as the speed increases; 
and the force of gravitation which acts in the opposite 
direction as the speed decreases. The outward movement 
of the balls or weights is utilized to either close the throt- 
tle or shorten the point of cut-off, while the inward move- 
ment has the opposite effect. 

Ques. 605. — Are governors required on marine en- 
gines? 

Ans. — They are, for the reason that in a marine engine 
considerable diminution in resistance may ensue in rough 
or stormy weather, from the pitching motion of the vessel. 
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which causes the propellers to rise partly out of the water, 
thus causing what is technically known as *Vacing of 
the engines." 

Ques. 606. — Is the centrifugal type of governor suit- 
able for marine service? 

Ans. — It is not, for the reason that the forces acting 
upon the balls or weights would be affected by the motion 
of the ship and the action would be irregular. Other 
forms of governors for marine engines are in use with 
various degrees of success, but all, or nearly all of them, 
possess the one defect of requiring an increased speed of 
the engine to cause them to act, and even then their action 
is sluggish, the throttle-valve being generally closed after 
the racing is over. 

Ques. GOT. — What type of marine governor is likely 
to prove the most successful in marine service for the 
prevention of "racing?" 

Ans. — A governor that acts by variations of pressure 
at the stern of the vessel near the propeller, and not 
from engine-speed variations. Racing being caused by 
diminished immersion of tlie propeller, it is accompanied 
by a diminution of pressure of water at that part, which 
can be utilized to actuate the throttle-valve. Such gov- 
ernors may therefore anticipate and prevent any increase 
of speed due to the above cause, although they would have 
no effect in case of a serious increase of speed, due to 
such an accident as a broken shaft or propeller. 

Ques. G08. — Describe Dunlop's governor, which is of 
the latter type. 

Ans,— rlt consists of a sea-cock at the stern of the 
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ship, opening into an air-vessel or air-chamber, so con- 
structed that, by opening the sea-cock« water flows into 
the air-vessel and compresses the air contained therein to 
a pressure equivalent to the head of water outside the 
ship. From the top of the air-chamber a pipe is led to 
the under side of an air-tight elastic diaphragm, forming 
part of an apparatus in the engine-room. On the upper 
side of the diaphragm is a spiral spring, with means of 
adjusting its compression to balance the air pressure 
below the diaphragm. From thericenter of the diaphragm 
a connection is made to the slide-valve of a snmil steam- 
cylinder so constructed that its piston moves in exact 
accordance with the movements of the diaphragm. This 
ste^m-piston is connected by suitable gear to the throttle- 
valve of the engine whose speed is to be controlled. The 
action is as follows: The sea-cock being open, any varia- 
tion of head of water outside the ship is accompanied by 
an inflow or outflow of water through it and consequently 
a variation in the pressure of the air contained in the air- 
chamber, and also under the diaphragm of the engine-room 
apparatus, causing the diaphragm to move through such 
part of its travel as is requisite to enable the compression 
of spring and the air-pressure to balance each other again. 
Every movement of the diaphragm is followed by a 
corresponding movement of the governor steam-piston, 
and consequently of the throttle-valve of the engines 
under control, the time taken between the variation in 
the head of water at the stern of the ship and the moving 
of the throttle-valve being practically nothing. The 
governor therefore anticipates any increase in the speed 
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of the enginet due to the propeller nunc ont of the water 
and does not depend upon a variation to apeed of the 
engines to be controlled, before it acts. By adjustinK the 
balance between the spring and the air-pressure under the 
diaphragm the diaphragm b^ins to fall and the throttle- 
valve to close, when the tips of the propeller-blades rise 
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to any desired distance above the surface of the water. 
The air-vessel should be fitted as far aft in the screw-tun- 
nel as possible, the hole through the side of the vessel 
being placed about one-fourth the diameter of the 
propeller below the level of the center of the shaft. The 
reports of the action of this governor in the mercantile 
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marine are very satisfactory. It is fitted in the "Cam- 
pania," "Paris," and many other vessels. 

Ques. 609. — How is the fresh water needed on board 
ship for drinking, washing, culinary purposes, and for 
making up for the waste of feed-water for the boilers and 
for various other purposes, obtained? 




Ans. — By means of evaporators and distillers. The 
evaporators are really small boilers, with heat obtained 
from steam passing through tubes, while the water to be 
evaporated surrounds the tubes. There is no coal used 
in these boilers, the steam being obtained from tlie main 
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boilers. The vapor produced is conducted to the distilling 
apparatus, where it is condensed into fresh drinking 
water, and a portion of it goes to the condensers for the 
purpose of making up the deficiency of boiler feed-water. 
The condensed primary steam is returned to the boilers. 

Ques. 610. — Describe Normandy's evaporator. 

Ans. — In this type of evaporator the tubes are all 
straight and rolled into tube-plates at their ends. The 
steam from the main boilers enters these tubes through a 
pipe at the top and evaporates the surrounding sea-water 
contained in the shell, and is itself condensed and passes 
out through the bottom, returning to the boilers. The 
vapor generated outside the tubes is conveyed by a valve 
and pipe, either to the auxiliary condenser for feed-water 
make-up, or else to the distilling condensers for the 
production of drinking water. The resulting scale is^ 
deposited in the evaporator, from whence it is cleaned at 
intervals. The sea-water for the evaporator is supplied 
by a pump. It takes its supply from a feed-box contain- 
ing a float which maintains a constant level in the feed- 
box. 

Ques. (ill. — Describe Xormandy's condenser. 

Ans. — The steam from the evaporator ent-ers the con- 
denser through a pipe at the top and passes downwards 
through two series of tubes, the upper set being the 
condensing and the lower the cooling tubes. These tubes 
are surrounded by a casing, which is kept filled with cold 
sea-water that enters at the bottom and flows out at the 
top through an overflow pipe that is connected to the 
casing at a point a short distance below the top and is 
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then carried to some distance above the top of the cham- 
ber before discharging overboard. By means of this 
arrangement the hottest sea-water is not discharged over- 
board, but instead may be used in the evaporator, in 
connection with the condenser, and thus promote economy 
of evaporation. An air-pipe is fitted to allow the air 
evolved from the condensing water in the casing by heat 
to pass into the overflow pipe leading to the sea. The 
condensed water rises from the lower chamber through a 
stand-pipe connected at the bottom and overflows from 
this pipe into and down another pipe leading to the suction 
of a small steam donkey pump, which pumps it into test- 
tanks, from whence it flows by gravity to the water-tanks 
in the hold of the vessel. By this arrangement the cool- 
ing tubes of the condenser are always kept full of water 
and the fresh water is drawn oflF cold. 

Ques. 612. — On vessels carrying cargoes of fresh 
meat and other perishable articles that are affected by 
the heat, what provision is made for their preservation? 

Ans. — Various types of refrigerating machinery are in 
use, some using the cold-air system, others the carbonic- 
acid system, and a few of the smaller ships are fitted with 
machines for making ice only. 

Ques. 613. — Describe the cold-air system. 

Ans. — The machine consists of a tandem compound 
engine having piston slide-valves both on the same valve- 
rod and worked by a single eccentric. This engine 
supplies the motive power of the apparatus. Two air- 
cylinders, one called the compressing cylinder and the other 
one the expanding cylinder, are placed side by side and in 
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line with the low-pressure cylinder of the engine. These 
air-cylinders are double acting, the pistons receiving their 
motion from the crank-shaft driven by the engine. The 
action of the device is simple and is as follows: The 
revolving shaft, through the medium of connecting rods 
and guides, moves the pistons up and down. Air is 
drawn into the compressing cylinder through inlet-valves 
from the surrounding atmosphere or from the cold room. 
It is compressed on the return stroke of the piston and 
passes into the cooling chamber, which is constructed 
similar to a surface condenser, having a pump to circu- 
late the cooling sea-water through it. The work done thus 
far appears as heat in the air and this heated air, passing 
through the tubes of the air-cooler, is cooled by the cir- 
culating water and is then led to the valve-chamber of the 
expanding cylinder. The valve arrangement of this 
cylinder consists of a slide-valve and an expansion valve 
working on the back of the slide-valve. This arrange- 
ment supplies a means of sharply cutting off the inlet of 
air when it enters the expanding cylinder. The compress- 
ing cylinder is provided with a water-jacket through 
which the circulating pump delivers the cooling water on 
its way from the air-cooler to the sea. The slide-valves 
are so arranged in the expanding cylinder that when the 
proper quantity of air is admitted the supply is cut off 
and during the remainder of the stroke the air expands 
and therefore does work on the piston and heat is 
expended in the process in exactly the converse manner 
to the generation of heat in the compressing cylinder. 
As, however, the air has been deprived of its surplus heat 
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in the cooling chamber, the heat equivalent of the work it 
does in tlie expanding cylinder is absorbed from itself and 
the result is a considerable lowering of its temperature. 
This cold air is then exhausted through the orifice of the 
slide-valve in the usual manner, and ctmducted first to the 




"snow-box" a small accessible chamber in which the snow 
formed from the moisture is deposited, and from thence to 
the cold chamber, in which the supply of meat or provi- 
sions is kept and where it displaces air of a higher tem- 
perature. The refrigeratmg chamber is insulated by 
lagging its bulkheads, ceiling, and floor with silicate cotton 
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or Other non-conductor, a teak lining being fitted over 
this to form the inside surface. 

Ques. 614. — Describe the carbonic-acid system. 

m 

Ans. — A very successful and efficient device is the 
carbonic-anhydride system of Messrs. J. & E. Hall, in 
which carbonic anhydride is passed round continually in 
the circuit. The apparatus consists of three parts: a 
compressor, a condenser, and an evaporator. The com- 
pressor draws in heated and expanded gas from the 
evaporator and compresses it. The compressed gas then 
passes to a condenser, consisting of coils in which the 
warm compressed gas is cooled and liquefied by reduction 
of temperature caused by the action of the cooling sea- 
water. From the condenser the cool liquid carbonic 
anhydride is conveyed into tlie evaporator consisting of 
coils, where it vaporizes and expands, absorbing heat in 
the process and cooling the surrounding brine, which is 
in contact with the coils. This cold brine is circulated 
by a small pump to the refrigerating chamber, where it 
is conducted through a long series of rows of cooling 
pipes, termed **grids/' which are placed at the roof of 
the chamber. The cold-brine **grids" in this position set 
up a circulation of air, the cold air descending and being 
replaced by air not so cold, which is cooled in its turn. 
Any moisture in the air is condensed on the **grids" and 
appears as frost on the pipes. The theory of the action 
of this system is as follows : Under atmospheric pressure 
the liquid COj would evaporate at a temperature of 
120 degrees Fahrenheit below zero, but its temperature of 
evaporation rises with the pressure, in a similar manner as 
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water. At a pressure of 500 pounds per square inch it 
boils at a temperature of 30 degrees Fahrenheit so that 
cold water may be used to supply the heat for boiling it. 
The pressure in the evaporator is therefore regulated to 
the required temperature of the cooling water, so that a 
considerable pressure is necessary in the evaporator. The 
compressor draws the gas from the evaporator and com- 
presses it to the liquefying pressure, the heat due to the 
compression being absorbed by the cooling water in the 
condenser coils and the gas in these coils becomes liquid 
before its exit. The liquid is then boiled in the evapora- 
tor coils, cooling the surrounding brine by the heat 
absorbed during evaporation. The compressor gland is 
made tight by cupped leathers with glycerine forced 
between them at a higher pressure than that in the com- 
pressor, so that no escape of gas can take place. The 
carbonic anhydride is supplied in steel cylinders to 
replenish the supply. 

Ques. 615. — What types of dynamos are used on board 
ships for generating electric current for internal illumi- 
nation and for working search-lights and motors? 

Ans. — They are usually of the two-pole type, direct 
driven and carried on an extension of the engine-bed. 
They have drum armatures and the field-magnets are 
compound wound, to give a constant pressure of 80 or 
100 volts for any current from zero to the maximum, 
while the speed is maintained constant. The usual speed 
is 320 revolutions per minute. The machines are con- 
nected to a switchboard located in a central position, from 
which the current is distributed to the various circuits for 
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lighting, motors, etc. This board is so arranged that a 
circuit can be quickly changed from one machine to 
another, but no circuit can receive current from two 




262 OIKSTIONS AND ANSWERS 

machines at the same time. The most recently fitted 
dynamos for the marine service are of the iron-clad type, 
the field coils and the armature beinfi; almost entirely 
surrounded by iron, to reduce to a minimum the leak- 
age of magnetic lines of force which may affect com- 
passes or chronometers in the neighborhood. 

Qucs. OK). — How are these dynamos usually driven? 

Ans. — By vertical two-cylinder engines, generally 
compounded, although in some ships, where the steam- 
pressure is low, the engines are simple. All parts are 
carefully balanced and a heavy fly-wheel is fitted on the 
engine-shaft, at the dynamo end, which conduces to steady 
running. The speed is regulated by an isochronal governor 
fitted on the shaft. 

Ques. (117. — Describe the construction of the arma- 
ture. 

Ans. — The armature-core is built up of tliin disks of 
soft iron slipped over metal sleeves, which are keyed on 
the shaft. The disks are insulated from each other by 
thin sheets of asbestos paper, to prevent loss of energy 
and heating due to eddy currents, and are kept in place 
by clamping-plates and end-nuts. The conductors on the 
armature, which carry the current, are made up of copper 
wires, twisted together, and pressed to a rectangular 
section. They are insulated by a covering of varnished 
tape. Usually two lengths of bars are used. They are 
placed around the periphery of the armature, longitudi- 
nally, long and short bars alternating, their ends overhang- 
ing the core. All the ends at one end of the armature 
project the :ame distance. Projections are fitted into the 
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core at intervals, which drive the conductor-bars. These 
projections are insulated by mica slips. The bars are 
kept in place by bands of steel or bronze binding wire, 
tightly wound on and soldered. Mica strips are placed 
under the bands to prevent injury to the insulation of the 
bars. Each bar is connected at each end by bent copper 
strips to another bar almost diametrically opposite to it, 
so that the whole of the bars and end -connect ions form 
one closed circuit. The projecting end of each long bar 
is also connected to the nearest commutator segment, the 
number of segments being equal to the number of long 




FlO. Its. AXUATUX . 



bars. Two or more pairs of brushes bear on the commu- 
tator, to collect the current, so that any brush may be 
lifted off without interrupting the circuit. 

Ques. 618. — Describe the construction of the field- 
magnet coils. 

Ans. — The field-magnet winding consists of shunt and 
series coils wound on a frame which fits over the 
upper pole-piece. The shunt coils are of small 
wire and high resistance. The ends of the wire 
are connected to the machine terminals. The greater 
part of the magnetism is due to these coils, so that at full 
speed, and when no current is being taken from the 
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machine, the electric pressure is normal^ that is, 80 or 
100 volts. The series coils are formed of thick copper 
bars and convey the whole current generated. They 
provide additional mafi^netism, proportional to the current 
flowing in them, and so compensate for the additional 




Fig. 169. CoMPOuKD Woukd Dynamo. 

pressure required to force this current through the 
machine. By the combination of the two sets of coils, the 
pressure is thus independent of the current, so long as the 
speed is constant. In the largest machines there are two 
distinct armature windings laid on side by side, the bars 
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of the two windings alternating, as also do their respec- 
tive commutator segments. The two windings are con- 
nected in parallel by the brushes, which all have a bearing 
rather wider than the angular width of two commutator 
segments. 

Ques. 619. — In order to obtain satisfactory working, 
what should be done with the commutator occasionally? 

Ans. — It should be turned up, by using a lathe slide- 
rest clamped to the bed-plate and running the engines as 
slowly as possible, and after turning, the commutator 
should be polished. This truing up is necessary in order 
to remove any flat places which are liable to form on the 
segments. The brushes also should be carefully filed to 
fit the commutator curve. The brushes must be care- 
fully set in the holders, with all the tips of each set in a 
line, and the tips of the two sets bearing simultaneously 
on diametrically opposite commutator segments. Gener- 
ally two segments are marked at their ends, with crosses, 
to assist in this adjustment. 

Ques. 620. — How is the electric current carried to the 
different p^rts of the ship? 

Ans. — By wires of the best copper, thoroughly insu- 
lated and protected from injury by being placed in wooden 
mouldings, or what is still better, iron tubes lined with 
insulating material. The junction boxes have safety 
fuses and connections, arranged in incombustible porce- 
lain or lava blocks. 

Ques. 621. — How are the lamps and motors arranged? 

Ans. — The lamps are attached to substantial supports 
with good protection to the insulation of the wires at their 
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connection. For exposed places extra globes or wire 
screens are provided to prevent breaking of the bulbs. 
The motors are fitted on substantial foundations, with 
switches for handling in convenient positions. The use 
of electric motors is becoming more and more general on 
board vessels as their convenience and freedom from 
waste is known. They can be used for working ven- 
tilating fans, etc., in confined spaces where the heat of 
steam would be objectionable. They also avoid the waste 
due to condensation, radiation and leakage in pipes, 
require very little attention when running and are always 
ready for starting. 

Ques. 622. — What facilities are provided for pumping 
the water out of steam-ships in case of a serious leak? 

Ans. — ^All steam-ships, including war-vessels, were 
formerly fitted with bilge-pumps worked direct from the 
main engines, and this is still the common practice in the 
mercantile marine. In addition to these pumps, the 
circulating pumps are fitted with bilge as well as sea 
connections, and in some of the larger vessels there are 
four centrifugal pumps which can be used for pumping 
out the bilges, each of these pumps having a capacity of 
at least 1,200 tons of water per hour. 

Ques. 623. — What are some of the requirements of a 
reliable bilge-pumping outfit? 

Ans. — The pump itself should be close to the bilge, 
but the engine for working it should if possible be at a 
high level, so as to be out of the reach of the water in 
case of its rising rapidly. Another point that should be 
kept in view is the provision of large engine-power for 
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working the pumps. The valves for changing the suction 
of the centrifugal pumps from the sea to the bilge are, or 
at least should be, arranged to be worked from the start- 
ing platform, and to enable this to be done quickly in 
case of need, the valves in the sea and bilge-suction pipes 
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are often coupled together so that they may be worked 
by a single lever. 

Ques. 624. — Describe the type of fire and bilge-pump- 
ing engines that are used to a large extent in the English 
navy. 
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Ans. — Each pumping engine consists of two double- 
acting pumps and two steam-cylinders, fitted with 
slide-valves, having very little lap, to insure the engines 
starting readily from any position of the cranks, economy 
in the use of steam being in these cases a minor considera- 
tion. In the large battle-ships and cruisers there are four 
of these pumps, two in each engine-room, each one of the 
four having a capacity of 80 to 120 tons of water per 
hour. The pumps are large enough to remove these 
quantities of water at a speed not exceeding 60 revolu- 
tions per minute, with a steam-pressure of two-thirds 
the maximum boiler-pressure, and they form a means of 
pumping water out of the ship, auxiliary to the main 
circulating pumps. They can be used for either fire ser- 
vice or for clearing the bilges of water. 

Ques. 625. — Describe Friedmann*s bilge-ejector. 

Ans. — This apparatus is a modification of Giffard's 
injector, the number of nozzles being increased so as to 
give the steam several suction orifices instead of one. 
The steam is conducted to a tuyere about one-half the 
diameter of the steam-pipe, and then passes successively 
through a series of intermediate tuyeres, through which 
the water is drawn from the hold and expelled from the 
ship through the discharge. The device occupies little 
space and has considerable capacity, but its consumption 
of steam is large. 

Ques. 626. — Describe the suction and discharge 
arrangements of fire and bilge pumps. 

Ans. — They are fitted with separate suction-pipes 
leading to the following parts of the vessel: Forward 
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and after ends of engine-room, with a continuation to 
the screw tunnel from the latter, main engine save-alt. 
each boiler compartment, the main suction-pipe, salvage 
system of the vessel and to the sea. The valve-boxes 
and pipes are so arranged that each pump can draw from 
any of these parts. The pumps deliver water either over- 
board direct, to the engine-room or to the fire-main, a 
large air-vessel being fitted in connection with the latter. 




Ques. 6S7, — How is the fire-main arranged? 

Ans, — The fire-main is a pipe extending fore and aft 
in the ship, with branches leading to different parts as 
required. Deli very- valves, with screwed nozzles for hose- 
connections, are located at various points in the fire-main. 
Non-return valves are fitted at the junction of delivery- 
pipes from the pumping engines. 



CHAPTER IX 

THE INDICATOR — PRINCIPLES OF THE INDICATOB 
Ques. 628. — By whom was the indicator invented and 
first applied to the steam-engine? 




Ans. — The indicator 
the steam-engine by Ja 



IS invented and first applied to 
i Walt, whose restless genius 
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was not satisfied with a mere outside view of his engine 
as it was running, but he desired to know more about the 
action of the steam in the cylinder, its pressure at differ- 
ent portions of the stroke, the laws governing its expan- 
sion after being cut off, etc. Watt's indicator, although 
crude in its design and construction, contained embodied 
within it all of the principles of the modern instrument. 

Ques. 629. — WHiat are the principles governing the 
action of the indicator? 

Ans. — First, the pressure of the 
steam in the engine-cylinder throughout 
an entire revolution, against a small pis- 
ton in the cylinder of the indicator, which 
in turn is controlled or resisted in its 
movement by a spring of known tension, 
so as to confine the stroke of the indica- 
tor piston within a certain small limit. 
Second, the stroke of the indicator pis- 
ton is communicated by a multiplying 
mechanism of levers and parallel motion CroshyIkdicato* 
to a pencil moving in a vertical straight 
line, the distance through which the pencil moves being 
governed by the pressure in the engine-cylinder and the 
tension of the spring. Third, by the intervention of a re- 
ducing mechanism and a strong cord, the motion of the pis- 
ton of the engme throughout an entire revolution is com- 
municated to a small drum attached to and forming a part 
of the indicator. The movement of the drum is rotative 
and in a direction at right angles to the movement of the 
pencil. The forward stroke of the engine-piston causes 
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the drum to rotate through part of a revolution and at 
the same time a clock-spring connected within the drum 
is wound up. On the return stroke the motion of the 
drum is reversed, and the tension of the spring returns 
the drum to its ordinal position and also keeps the cord 
taut 

Ques. 630. — Describe in eeneral terms the construc- 
tion of an indicator. 

Ans. — An indicator con- 
sists of a small cylinder, 
open to the atmosphere at 
the top and having its bot- 
I torn end connected by suit- 
I able pipes and stop-cocks 
to both ends of the engine- 
cylinder in such a manner 
that the steam-pressure in 
either end may be caused 
to act upon the indicator 
piston, as required. The 
'' cylinder of the indicator 
stands vertical, and is of a known area, usually about one 
square inch. It contains a piston, upon which the steam 
acts only on the under side, the top of the cylinder being 
open to the atmosphere. The length of stroke of this 
piston is regulated and controlled by a steel spiral spring 
of known tension, which acts in resistance to the pressure 
of the steam. When the cock connecting the cylinders of 
the engine and indicator is closed, both ends of the indi- 
cator cylinder are open to atmospheric pressure, and the 
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pencil, which is connected to the piston by a system of 
levers, stands at its neutral position. 

Ques. C31. — Describe the construction and action of 
the spiral spring in connection with the indicator piston. 

Ans. — These springs are made o£ different tensions in 
order to be suitable to different steam-pressures and 
speeds, and are numbered 20, 40, GO, etc., the number 
meaning that a pressure per square inch 
in the engine-cyhnder corresponding to 
the number on the spring will cause a 
vertical movement of the pencil through 
a distance of one inch. Thus, if a No. 
20 spring is used and the pressure in the 
cylinder at the commencement of the 
stroke is 20 pounds per square inch, the 
pencil will be raised one inch, or if the 
pressure is 30 pounds, the pencil will 
travel 1^ inch, and if there is a vacuum 
of. 80 inches in the condenser, the pencil 
will drop 'A inch below the atmospheric 
line for the reason that 20 inches of vac- 
uum correspond to a pressure of about 
10 pounds less than atmospheric pressure or an absolute 
pressure of about 4 pounds. If a 60 spring is used a 
pressure of 60 pounds in the engine-cylinder will be re* 
quired to raise the pencil one inch, or 90 pounds to raise 
it IJ^ inch. 

Ques. 633. — Are these springs placed inside the 
cylinder in all types of indicators? 

Ans. — The Ashcroft Manufacturing Company of New 
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York, makers of the well-known Tabor indicator, have 
recently introduced a new feature in indicator work by 
connecting the spring on top of the cylinder and in plain 




view of the operator. This arrangement removes the 
spring from the influence of direct contact with the 
steam, and it is subject only to the temperature of the 
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surrounding atmosphere. It is claimed that as a result 
of this the accuracy of the spring is insured and that no 
allowance need to be made in its manufacture for 
expansion caused by the high temperature to which it is 
subject when located within the cylinder. Another good 
feature of this design is, that the spring can be easily 
removed without disconnecting any one part of the 
instrument in case it is desired to change springs. 

Ques. 633. — What precautions should be observed in 
attaching the indicator to an engine-cylinder? 

Ans. — The main requirements in these connections 
are that the holes shall not be drilled near the bottom of 
the cylinder where water is likely to find its way into 
the pipes, neither should they be in a location where the 
inrush of steam from the ports will strike them directly, 
nor where the edge of the piston is liable to partly cover 
them when at its extreme travel. An engineer before he 
undertakes to indicate an engine should satisfy himself 
that all these requirements are fulfilled. Otherwise he is 
not likely to obtain a true diagram. The cock supplied 
with the indicator is threaded for one-half inch pipe, and 
unless the engine has a very long stroke it is the practice 
to bring the two end connections together at the side or 
top of the cylinder and at or near the middle of its length, 
where they can be connected to a three-way cock. The 
pipe connections should be as short and as free from 
elbows as possible, in order that the steam may strike 
the indicator piston as nearly as possible at the same 
moment that it acts upon the engine-piston. These pipes 
should always be thoroughly blown out and cleaned, by 
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allowing the steam to blow through the open three-way 
cock during several revolutions of the engine before con- 
necting the indicator. If this is not done there is a moral 
certainty that dirt and grit will get into the cylinder of 
the indicator and cause it to work badly and give 
diagrams that are misleading. 

Ques. 634. — How is an indicator diagram or card 
drawn? 
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Ans. — To the outside of the drum a piece of blank 
paper of suitable size is attached and held in place by two 
clips. Upon this paper the pencil in its motion up and 
'lown traces a complete diagram of the pressures and 
other interesting events transpiring within the engine- 
cylinder during the revolution of the engine. In fact, the 
diagram traced upon the paper is the compound result of 
two concurrent movements. First, that of the pencil 
caused by the pressure of the steam against the indicator 
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piston; second, that of the paper drum caused by, and 
coincident with the motion of the engine-piston. 

Ques. 635. — How is the atmospheric line drawn? 

Ans. — By holding the pencil to the paper, and causing 
the drum to be rotated, when the peYicil stands at its neutral 
position, that is with the steam shut off from the indica- 
tor cylinder. 

Ques. 636. — What is meant by the term atmospheric 
line? 

Ans. — The atmospheric line is a horizontal line drawn 
on the diagram and means the line of atmospheric pres- 
sure. If the engine is a non-condensing engine the pencil 
in tracing the diagram will, or at least should not fall 
below the atmospheric line at any point, but will on the 
return stroke trace a line called the line of back pressure 
at a distance more or less above the atmospheric line and 
very nearly parallel with it. If the engine is a condensing 
engine the pencil will drop below the atmospheric line 
while tracing the line of back pressure on the diagram, 
and the distance this line is below the atmospheric line 
will depend upon the number of inches of vacuum in the 
condenser. 

Ques. 637; — Is the atmospheric line a necessary part 
of an indicator diagram? 

Ans. — The atmospheric line is a very important factor 
in the study of the diagram. 

Ques. 638. — How are the dimensions of the diagram 
regulated? 

Ans. — It is a convenient practice to select a spring 
numbered one-half of the boiler-pressure as, for instance. 



278 



QUESTIONS AND ANSWERS 



suppose gauge -pressure or boiler-pressure is 200 pounds 
per square inch, then a 100 spring would give a diagram 
'i inches in height, which is a convenient heigiit. As to 
the length of the diagram, this is regulated by adjustment 




Flc. ITS, CtDti 



of the cord in its travel, by means of the reducing wheel. 
Any length of diagram up to four inches may be obtained, 
but two and a half to three inches is a very good length 
for analysis. 

Ques. 639. — How is the motion o£ the crosshead of 
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the engine rediiceit and utilized for rotating the dnini of 
the indicator? 

Ans.^There are various mechanisms used for this 
purpose. Probably the only practically universal 




mechanism tor reducing the motion of the crosshead is 
the reducing wheel, a device in which, by the employment 
of gears and pulleys of different diameters, the motion Is 
reduced to witiiJn the t:ompass o{ the drum, and the 
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device is applicable to almost aoy make of engine, 
whether of high or low speed Some makers of indicators 
attach the reducing wheel directly to the indicator, thus 
producing a neat and very convenient arrangement. 

Ques. 640. — Describe the construction of the wooden 
pendulum for reducing the motion. 

Ans. — It consists of a flat strip of pine or other light 




Wooden Psnoulum, Rfducinc Motion. 

wood of a length not less than one and a half times the 
stroke of the engine, and if made longer it will be better. 
It should be from K to ^ inch thick and have an average 
width of about 4 inches. If the engine to be indicated is 
horizontal the bar or pendulum is to be pivoted at a fixed 
point directly above and in line with the side of the cross- 
head, as that is generally the mo^t convenient point of 
attachment. The pivot can be fixed to a permanent 
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Standard bolted to the frame of the engine or it may be 
secured to the ceiling of the room or even to a post 
fastened to the floor. If the engine is vertical the bar 
can be pivoted to the wall of the room or a strong post 
firmly secured to the floor. The connection with the 
crosshead is best accomplished by means of a short bar or 
link. A convenient length for this bar is one-half the 
stroke of the engine. 

Ques. 641. — When the short bar is one-half the 
length of the stroke, how is the correct point for the loca- 
tion of the pivot for the pendulum found? 

Ans. — Place the engine on the center with the cross- 
head at the end of the stroke towards the crank. Then 
having previously bored a hole for the pivot in one end 
of the pendulum bar and in the other end a hole for con- 
necting with the link, susoend the pendulum by a 
temporary pin, as a large wood screw, directly above and 
in line with the stud or bolt hole which has previously 
been tapped into the crosshead at any convenient point. 
The pendulum should be temporarily suspended at such 
a height that when it hangs perpendicular the hole in its 
lower end will line up accurately with the hole or stud in 
the crosshead. Now swing the pendulum in either direc- 
tion a distance equal to the length of the link (one-half 
the stroke of the engine) from the crosshead connection 
and note the distance that the bottom hole is above a 
straight edge laid horizontal and in line with the center 
of the stud in the crosshead. This will give the total 
vibration of the free end of the link from a line parallel 
with the line of the engine and the permanent location of 
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the pivot should be one -half of this distance below the 
temporary point of suspension. This will allow the link 
to vibrate equally above and below the center of its con- 
nection with the crosshead. 

Ques. 642. — How is the correct point of attachment 
of the cord to the pendulum found? 

Ans. — The cord can be attached to the pendulum at a 
point near the pivot, which will give the desired length of 
diagram. This point can be determined by multiplying 
the length of the pendulum by the desired length of dia- 
gram and dividing the product by the stroke. For 
convenience these terms should be expressed in inches. 
Thus, assume stroke of engine to be 48 inches, length of 
pendulum VA times length of stroke = 72 inches. 
E>esired length of diagram 3 inches. Then 72X3-r-48=4.5 
inches, which is the distance from center of pivot to point 
of connection for the cord. This can be either a small 
hole bored through the pendulum or a wood screw to 
which the cord can be attached. From this point the 
cord should be led over a guide pulley located at such 
height that when the pendulum is vertical the cord will 
leave it at right angles. After leaving the guide pulley 
the cord can be carried at any angle desired. 

Ques. 643. — How shoulu the indicator be cared for? 

Ans. — ^The indicator should be cleaned and oiled 
both before and after using. The best material for 
wiping it is a clean piece of old soft muslin of fine texture, 
as there is not so much liability of lint sticking to or 
getting into the small joints. Use good clock oil for the 
joints and springs, and before taking diagrams it is a good 
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practice to rub a small portion of cylinder oil on the 
piston and the inside of the cylinder, but when about to 
put the instrument away these should be oiled with clock 
oil also. 

Ques. 644. — How may the cord be adjusted to proper 
length? 

Ans. — None but the best cord should be used for con- 
nectinfs: the paper drum with the reducing motion, as a 
cord that is liable to stretch will cause trouble. After 
the indicator has been screwed on to the cock connecting 
with the pipe, the cord must be adjusted to the proper 
length before hooking it on to the drum. This must be 
done while the engine is running, by taking hold of the 
loop on the cord connected with the reducing motion 
with one hand, and with the other hand grasp the hook 
on the short cord attached to the drum, then by holding 
the two ends near each other during a revolution or two 
it will be seen whether the long cord needs to be shortened 
or lengthened. 

Ques. 645. — What precautions are necessary in regard 
to the paper and pencil in order to secure a truthful 
diagram? 

Ans. — Care should be exercised in placing the paper 
"on the drum to see that it is stretched tight and firmly 
held by the clips. The pencil point having been first 
sharpened by rubbing it on a piece of fine emery cloth or 
sand paper should be adjusted by means of the pencil 
stop with which all indicators should be provided, so that 
it will have just sufficient bearing against the paper to 
make a fine, plain mark. If the pencil bears too hard on 



284 QUESTIONS AND ANSWERS 

the paper it will cause unnecessary friction and the dia- 
gram will be distorted. The best method of ascertaining' 
this fact and also whether the travel of the drum is 
equally divided between the stops, is to place a blank dia- 
gram on the drum, connect the cord and while the engine 
makes a revolution hold the pencil against the paper. 
Then unhook the cord, remove the paper and if the travel 
of the drum is not divided correctly it can be changed. 

Ques. 646. — Describe the process of taking an indica- 
tor diagram. 

Ans. — Place a fresh blank on the drum, being careful 
to keep the pencil out of contact with it, connect the cord, 
open the cock admitting steam to the indicator and aftef 
the pencil has made a few strokes to allow the cylinder to 
become warmed up, then gently swing it around to the 
paper drum and hold in there while the engine makes a 
complete revolution. Then move the pencil clear of the 
paper, close the cock and unhook the cord. Now trace 
the atmospheric line by holding the pencil against the 
paper while the drum is revolved by hand. This method 
of tracing the atmospheric line is preferable to that of 
tracing it immediately after closing the cock and while 
the drum is still being moved by the engine, for the reason 
that there is not so much liability of getting the atmos- 
pheric line too high owing to the presence of a slight 
pressure of steam remaining under the indicator piston 
for a second or two just after closing the cock; also the 
line drawn by hand will be longer than one drawn while 
the drum is moved by the motion of the engine and will 
therefore be more readily distinguished from the line of 
back pressure. 



THE INDICATOR — PRINCIPLES OF INDICATOR 285 

Ques. 647. — What other details should be ofaGcrved in 
the taking of indicator diagrams? 

Ans. — As soon as the diagrams are taken the following 
data should be noted upon them: The end of the cylinder, 
whether head or crank; boiler-pressure, and time when 
taken. Other data can be added afterwards. 

Ques. 648. — What needed changes in the cut-off of a 
Corliss engine, as shown by a diagram, may be made while 
the engine is running? 

Ans. — If the engine is an automatic cut-off of the 
Corliss type and the point of cut-off on one end does not 
coincide with the other, the difference can generally be 
adjusted while the engine is running by changing the 
length of the rods extending from the governor to the 
tripping device. These rods are, or should be fitted with 
right and left threads on the ends for this purpose. Any 
changes in the valves, such as giving them more lead, 
compression, etc., and which necessitates changing the 
length of the reach rods connecting them with the wrist 
plate, will have to be made while the engine is stopped, 
although with slow-speed engines and the exercise of 
caution it is possible to make alterations in these rods 
while the engine is running. 

Ques. 649. — What important details will a truthful 
indicator diagram show? 

Ans. — First, the pressure of the steam against the 
piston of the engine at any point in the stroke during a 
complete revolution; second, diagrams from a condensing 
engine show the amount of vacuum that is being main- 
tained in the condenser, measured from the line of perfect 
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vacuum; third, the point of cut-off is clearly shown, also 
the point in the return stroke at which compression 
begins; fourth, the expansion curve, and how near it 
approaches the theoretical expansion curve; fifth, any 
fault in the setting of the valves is clearly shown on 
the diagram; sixth, diagrams taken from the different 
cylinders of a compound or stage expansion engine may 
be combined in such a manner as to show whether or not 
the cylinders are properly proportioned, and whether the 
steam is being <listributed correctly 

Ques. 650. — What is absolute pressure? 

Ans. — Pressure reckoned from a perfect vacuum. It 
equals the boiler- pressure plus the atmospheric pres» 
sure. 

Ques. 651 — What is boiler-pressure or gauge-pres- 
sure? 

Ans. — Pressure above the atmospheric pressure as 
shown by the steam jjauge. 

Ques. 652. — What is initial pressure? 

Ans. — Pressure in the cylinder at the beginning of the 
stroke. 

Ques. (553. — What is meant by terminal pressure (T. 

p.)? 

Ans. — The pressure tliat would exist in the cylinder 
at the end of the stroke provided the exhaust valve did 
not open until the stroke was entirely completed. It 
may be graphically illustrated on the diagram by extend- 
ing the expansion curve by hand to the end of the stroke. 
It is found theoretically by divifling the pressure at point 
of cut-off by the ratio of expansion. Thus, absolute 
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pressure at cut-off=100 pounds, ratio of expansion=5; 
then 100-^5=20 pounds, absolute terminal pressure. 

Ques. 654. — What is mean effective pressure (M. E. 

p.)? 

Ans. — The average pressure acting upon the piston 
throughout the stroke minus the back pressure. 

Ques. 655. — What is back pressure? 

Ans. — Pressure which tends to retard the forward 
stroke of the piston. Indicated on the diagram from a 
non-condensing engine by the height of the back pressure 
line above the atmospheric line. In a condensing engine 
the degree of back pressure is shown by the height of the 
back pressure line above an imaginary line representing the 
pressure in the condenser corresponding to the degree 
of vacuum in inches, as shown by the vacuum gauge. 

Ques. 656. — What is total or absolute back pressure? 

Ans. — Total or absolute back pressure, in either a 
condensing or non -condensing engine, is that indicated 
on the diagram by the height of the line of back pressure 
above the line of perfect vacuum. 

Ques. 657. — How is the line of perfect vacuum drawn 
on an indicator diagram? 

Ans. — The line of perfect vacuum is drawn parallel 
with the atmospheric line and at a distance below the 
latter, representing 14.7 pounds, as measured by the scale 
corresponding to the spring that was used in taking the 
diagram. Different scales are supplied for the different 
springs used. 

Ques. 658. — What is meant by ratio of expansion? 

Ans. — The proportion that the volume of steam in the 
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cylinder at point of release bears to the volume at cut-off. 
Thus, if the point of cut-off is at one-fifth of the stroke, 
and release does not take place until the end of the stroke, 
the ratio of expansion, or in other words, the number of 
expansions, is 5. When the T. P. is known the ratio of 
expansion may be found by dividing^ the initial pressure 
by the T. P. 

Ques. 659. — What is meant by wire drawing? 

Ans. — When throufijh insufficiency of valve opening, 
contracted ports or throttling governor, the steam is 
prevented from following up the piston at full initial 
pressure until the point of cut-off is reached, it is said to 
be wire drawn. It is indicated on the diagram by a 
gradual inclination downwards of the steam line from 
the admission line to the point of cut-off. Too small a 
steam pipe from boiler to engine will also cause wire 
drawing and fall of pressure. 

Ques. 6G0. — What is condenser pressure? 

Ans. — Condenser pressure may be defined as the pres- 
sure existing in the condenser of an engine, caused by 
the lack of a perfect vacuum. As, for instance, with a 
vacuum of 25 inches there will still remain the pressure 
due to the 5 inches which is lacking. This will be about 
2.5 pounds. 

Ques. 661. — What is absolute zero? 

Ans. — ^Absolute zero has been fixed by calcula- 
tion at 461.2 degrees below the zero of the Fahrenheit 
scale. 

Ques. 662. — What is piston displacement? 

Ans. — The space or volume swept through by the 
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piston in a single stroke. Found by multiplying the 
area of piston by length of stroke. 

Ques. 663. — What is piston clearance? 

Ans. — The distance between the piston and cylinder 
head when the piston is at the end of the stroke. 

Ques. 664. — What is steam clearance, ordinarily 
termed clearance? 

Ans. — The space between the piston at the end of the 
stroke and the valve face. It is reckoned in per cent 
of the total piston displacement. 

Ques. 665. — What is the meaning of the expression 
horse-power as applied to a steam-engine? 

Ans. — 33,000 pounds raised one foot high in one 
minute of time. 

Ques. 666. — What is indicated horse-power (I. H. P.)? 

Ans. — The horse-power as shown by the indicator 
diagram. It is found as follows: Area of piston in 
square inches XM. E. P. X piston speed in feet-^33,000. 

Ques. 667. — What is meant by the term piston speed? 

Ans. — The distance in feet traveled by the piston in 
one minute. It is the product of twice the length of 
stroke expressed in feet multiplied by the number of 
revolutions per minute. 

Ques. 668. — What is net horse-power? 

Ans. — I. H. P. minus the friction of the engine. 

Ques. 669.— What is compression? 

Ans. — The action of the piston as it nears the end of 
the stroke, in reducing the volume and raising the pres- 
sure of the steam retained in the cylinder ahead of the 
piston by the closing of the exhaust valve. 

19 



290 yUKSTIONS AND ANSWERS 

Ques. 070. — What is Boyle's law of expanding gases? 

Ans. — **The pressure of a gas at a constant tempera- 
ture varies inversely as the space it occupies." Thus, 
if a given volume of gas is confined at a pressure of 
50 pounds per square inch ancl it is allowed to expand to 
twice its volume, tlie pressure will fall to 25 pounds per 
square inch. 

Ques. 671. — What is an adiabatic curve? 

Ans. — A curve representing the expansion of a gas 
which loses no heat while expanding. Sometimes called 
the curve of no transmission. 

Ques. ()72. — What is an isothermal curve? 

Ans. — A curve representing the expansion of a gas 
having a constant temperature but partially influenced 
by moisture, causing a variation in pressure according 
to the degree of moisture or saturation. It is also called 
the theoretical expansion curve. 

Ques. G73. — What is the expansion curve? 

Ans. — The curve traced upon the diagram by the 
indicator pencil showing the actual expansion of the steam 
in the cylinder. 

Ques. 674. — What is power? 

Ans. — The rate of doing work, or the number of foot 
pounds exerted in a given time. 

Ques. 675. — What is the unit of work? 

Ans. — The foot pound, or the raising of one pound 
weight one foot high. 

Ques. 676. — Define the first law of motion. 

Ans. — All bodies continue either in a state of rest or 
of uniform motion in a straight line, except in so far as 
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they may be compelled by impressed forces to change that 
state. 

Ques. 677. — What is work? 

Ans. — Mechanical force or pressure can not be con- 
sidered as work unless it is exerted upon a body and 
causes that body to move through space. The product 
of the pressure multiplied by the distance passed through 
and the time thus occupied is work. 

Ques. 678. — What is momentum? 

Ans. — Force possessed by bodies in motion, or the 
product of mass and density. 

Ques. 679. — What is the meaning of the word dynam- 
ics? 

Ans. — The science of moving powers or of matter in 
motion, or of the motion of bodies that mutually act upon 
each other. 

Ques. 680.— What is force? 

Ans. — That which alters the motion of a body or puts 
in motion a body that was at rest. 

Ques. 681. — What is the maximum theoretical duty 
of steam? 

Ans. — The maximum theoretical duty of steam is the 
product of the mechanical equivalent of heat, viz., 778 
foot pounds multiplied by the total heat units in a 
pound of steam. Thus, in one pound of steam at 212 
degrees reckoned from 32 degrees the total heat equals 
1,146.6 heat units. Then 778X1,146.6 = 892,054.8 foot 
pounds = maximum duty. 

Ques. 682. — What is steam efficiency? 

Ans. — Steam efficiency may be expressed as follows: 



292 QUESTIONS AND ANSWERS 

Heat converted into useful work , _. . 
Heat expended ""^ maximum dfiaency 

can only be attained by using steam at as high an initial 
pressure as is consistent with safety, and at as large a 
ratio of expansion as possible. 

Ques. 683. — What is meant by the term efficiency of 
the plant as a whole? 

Ans. — Efficiency of the plant as a whole includes 
boiler and engine efficiency, and is to be figured upon the 

. - Heat converted into useful work 

Calorific or heat value of fuel 

Ques. 684. — What is the horse-power constant of an 
engine? 

Ans. — The horse-power constant of an engine is found 
by multiplying the area of the piston in square inches by 
the speed of the piston in feet per minute and dividing 
the product by 33,000. It is the power the engine would 
develop with one pound mean effective pressure. To find 
the horse-power of the engine, multiply the M. E. P. of 
the diagram by this constant. 

Ques. 685. — What is meant by the expression steam 
consumption per horse-power per hour? 

Ans. — The weight in pounds of steam exhausted into 
the atmosphere or into the condenser in one hour divided 
by the horse-power developed. It is determined from the 
diagram by selecting a point in the expansion curve just 
previous to the opening of the exhaust-valve and 
measuring the absolute pressure at that point. Then the 
piston displacement up to the point selected, plus 
llic clearance space, expressed in cubic feet, will 
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give the volume of steam in the cylinder, which multiplied 
by the weight per cubic foot of steam at the pressure 
as measured will give the weight of steam consumed during 
one stroke. From this should be deducted the steam 
saved by compression as shown by the diagram, in order 
to get a true measure of the economy of the engine. 
Having thus determined the weight of steam consumed 
for one stroke, multiply it by twice the number of 
strokes per minute and by 60, which will give the total 
weight consumed per hour. This divided by the horse- 
power will give the rate per horse-power per hour. 

Ques. 686. — What is cylinder condensation and 
reevaporation? 

Ans. — When the exhaust-valve opens to permit the 
exit of the steam there is a perceptible cooling of the 
walls of the cylinder, especially in condensing engines 
when a high vacuum is maintained. This results in 
more or less condensation of the live steam admitted by 
the opening of the steam- valve; but if the exhaust- 
valve is caused to close at the proper time so 
as to retain a portion of the steam to be compressed by 
the piston on the return stroke, a considerable portion 
of the water caused by condensation will be reSvaporated 
into steam by the heat and consequent rise in pressure 
caused by compression. 

Ques. 687. — What are ordinates, as applied to indi- 
cator diagrams? 

Ans. — Parallel lines drawn at equal distances apart 
across the face of the diagram and perpendicular to the 
atmospheric line. They serve as a guide to facilitate the 
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measurement of the average forward pressure through- 
out the stroke, or the pressure at any point of the stroke 
if desired. 

Ques. 688. — What is a throttling novemor? 

Ans. — A governor that is used to r^nil*te the speed 
of engines having a fixed cut-off. The governor ccmtrols 
the position of a valve in the steam-pipe, opening or dos- 



Ht.d 




Mkui ErncTivt 



ing it according as the engine needs more or less steam in 
order to maintain a regular speed. 

Ques. (i89. — What is an automatic or variable cut- 
off engine? 

Ans. — In engines of this type the full boiler pressure 
is constantly in the valve chest and the speed of the 
engine is r^ulated by the governor controlling the point 
of cut-off, causing it to take place earlier or later 
according as the load on the engine is lighter or heavier. 
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Ques. 690.— What is a fixed cut-off? 

Ans. — This term is applied to engines in which the 
point of cut-off remains the same regardless of the load, 
the speed being regulated by a throttling governor. 

Ques. 691. — What is an adjustable cut-off? 

Ans. — One in which the point of cut-off may be regu- 
lated or adjusted by hand by means of a hand wheel and 
screw attached to the valve stem, the supply of steam 
being regulated by a throttling governor. 

Ques. 692. — What is an isochronal or shaft governor? 




Fig. 181. Indicator Diagram Taken pbom a Conuensing Encins. 

A, atmospheric line. V. line of perfect vacuum. B to D. admission line. 
D to E> steam line. E. point of cut-off. K to P, expansion line. P to G. ex- 
haust. G to C, line of back pressure; and from C to B shows compression. 



r Ans. — This device in which the centrifugal and cen- 
tripetal forces are utilized, as in the fly-ball governor, is 
generally applied to automatic cut-off engines having 
reciprocating or slide valves. It is attached to the crank 
shaft and its function is to change the position of the 
eccentric, which is free to move across the shaft within 
certain prescribed limits, but is at the same time attached 
to the governor. The angular advance of the eccentric 
is thus increased or diminished; in fact is entirely under 
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the control of the governor, and cut-off occurs earlier or 
later according to the demands of the load on the 
engine. 

Ques. 693. — If the valves of an engine are properly 
adjusted and the distribution of the steam is approxi- 
mately correct, what particular features should character- 
ize an indicator diagram taken from it? 

Ans. — First, the admission line at the beginning of the 
stroke should be perpendicular to the atmospheric line; 
second, the steam line, as it is called, extending from the 
beginning of the stroke to the point of cut-off, should be 




Fig. 182. Diagram Showing Insufficient Lead. 



parallel with the atmospheric line; third, the point of 
cut-off should be sharply defined; fourtli, the expansion 
curve, extending from the point of cut-off to the point of 
release, should conform as near as possible with the 
isothermal curve, which can easily be applied to any dia- 
gram; fifth, the exhaust line, extending from point of 
release to that point in the return stroke where compres- 
sion begins, should be parallel with and practically coin- 
cident with the atmospheric line, if the engine is 
non-condensing, or if the engine be a condensing engine. 
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this line should approach within a few pounds of the line 
of perfect vacuum. 

Ques. 694. — If the admission line inclines inward 
from the perpendicular, what defect in the valve setting 
is indicated? 

Ans. — Insufficient lead. 

Ques. 695. — How is wire drawing of the steam 
detected by the indicator diagram? 

Ans. — By the downward inclination of the steam line 
toward the point of cut-off. 




Fig. 183. Diagram Showing Effects op Wire Drawing the Steam. 

Ques. 69G. — What is a very necessary factor in the 
calculation of the horse-power of an engine as shown by 
a diagram taken from it? 

Ans. — The mean effective pressure. 

Ques. G97. — How is the M. E. P. of a diagram ascer- 
tained? 

Ans. — There are two methods commonly used. First, 
by means of ordinates, and secondly, by the use of the 
planimeter. 
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Ques. 698. — Describe the method of finding the M. 
E. P. by ordinates. 

Ans. — The process consists in drawing any convenient 
number of vertical lines perpendicular to the atmospheric 
line across the face of the diagram, spacing them equally, 
with the exception of the two end spaces, which should 
be one-half the width of the others, for the reason that 
the ordinates stand for the centers of equal spaces. This 
is an important matter, and should be thoroughly under- 
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stood, because if the spaces are all made of equal width, 
and measurements are taken on the ordinates, the results 
will be incorrect, especially in the case of high initial pres- 
sure and early cut-off, following which the steam undergoes 
great changes. If the spaces are all made equal, the meas- 
urements will require to be taken in the middle of them, and 
errors are liable to occur, whereas if spaced as before 
described, the measurements can be made on the ordinates, 
which is much more convenient and will insure correct 
results. Any number of ordinates can be drawn, but ten 
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is the most convenient and is amply sufficient, except in 
case the diagram is excessively long. 

Que*. 699. — Having succeeded in drawing the ordi- 
nates across the face of the diagram, what is the next step? 

Ans. — The pressure represented by each line is meas- 
ured from the exhaust line to the steam line, and so on. 




along the expansion curve throughout the length of the 
diagram, using for this purpose the scale adapted to the 
spring used, and having thus obtained measurements on 
each line, add all together and divide the sum total by 
the number of lines, which will give the mean forward 
pressure. To obtain the mean effective pressure, deduct 
the back pressure, which is represented « 
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of the exhaust line above the atmospheric line in a non- 
condensing engine, and in a condensing engine the back 
pressure is measured from the line of perfect vacuum. 




Ques. 700. — What is a planimetcr? 

Ans. — The planimetcr is an instrument which will 
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accurately measure the area of any plane surface, no 
matter how irregular the outline or boundary line is. 

Ques. 701. — What is the main requirement in ascer- 
taining the M. E. P. of a diagram? 

Ans. — ^The prime requisite in making power calcula- 
tions from indicator diagrams is to obtain the average 
height or width of the diagram, supposing it were reduced 
to a plain parallelogram instead of the irregulsLT figure 
which it is. 

Ques. 702. — What advantage is gained by using the 
planimeter in measuring diagrams? 

Ans. — It shows at once the area of the diagram in 
square inches and decimal fractions of a square inch, and 
when the area is thus known it is an easy matter to obtain 
the average height by simply dividing the area in inches 
by the length of the diagram in inches. Having ascer- 
tained the average height of the diagram in inches or 
fractions of an inch the mean or average pressure is 
found by multiplying the height by the scale. Or the 
process may be made still more simple by first multiplying 
the area, as shown by the planimeter in square inches and 
decimals of an inch, by the scale and dividing the product 
by the length of the diagram in inches. The result will 
be tlie same as before, and troublesome fractions will be 
avoided. 

Ques. 703. — Having obtained the M. E. P., as shown 
by the diagram, how may the horse-power developed by 
the engine be ascertained? 

Ans. — The area of the piston (minus one-half the arek 
of rod) multiplied by the M. E. P., as shown by the dia- 
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gT2Lm, and this product multiplied by the number of feet 
traveled by the piston per minute (piston speed) will give 
the number of foot pounds of work done by the engine 
each minute, and if this product be divided by 33,000, 
the quotient will be the indicated horse-power (I. H. P.) 
developed by the engine. 

Ques. 704. — Mention two important factors in calcu- 
lations of steam consumption. 

Ans. — In calculating the steam consumption of an 
engine, two very important factors must not be lost sight 
of, viz., clearance and compression. Especially is this 
the case in regard to clearance when there is little or no 
compression, for the reason that the steam required to fill 
the clearance space at each stroke of the engine is prac- 
tically wasted, and all of it passes into the atmosphere or 
the condenser, as the case may be, without having done 
any useful work except to merely fill the space devoted to 
clearance. On the other hand, if the exhaust valve is 
closed before the piston completes the return stroke, the 
steam then remaining in the cylinder will be compressed 
into the clearance space and can be deducted from the 
total volume which, without compression, would have been 
exhausted at the terminal pressure. 

Ques. 705. — When, owing to light load and early 
cut-off, the expansion curve drops below the line of back 
pressure, how must the area of the diagram be calculated? 

Ans. — The area of the loop below the back pressure 
line must be subtracted from the remainder of the diagram. 
If the planimeter is used, the instrument will make the sub- 
traction automatically, but if the diagram is divided into 
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parts by ordinates, the pressure shown by the ordinates in 
the lower loop must be subtracted from that shown by 
the loop above the back pressure line in order to ascertain 
the M. E. P. or average pressure. 

Ques. 706. — What is meant by the adiabatic curve? 
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The dotted line R C shows what the true adiabatic curve would be on the 
diagram, provided it could be realized. 



Ans. — If it were possible to so protect or insulate the 
cylinder of a steam engine that there would be absolutely 
no transmission of heat either to or from the steam dur- 
ing expansion, a true adiabatic curve or **curve of no 
transmission*' might be obtained. The closer the actual 
expansion curve of a diagram conforms to such a curve, 
the higher will be the efficiency of the engine as a 
machine for converting heat into work. 



CHAPTER X 

THE STEAM TURBINE — FUNDAMENTAL PRINCIPLES 

Ques. 707. — What are the basic principles governing 
the action of steam turbines? 

Ans. — There are wo fundamental principles upon 
which all steam turbines operate, viz., reaction and 
impulse. In some types of turbines the reaction principle 
alone is utilized, and in others the impulse, while in still 
others, and probably the most successful ones, both 
principles are combined. 

Ques. 708. — In what general direction does the steam 
flow when used in a turbine? 

Ans. — Parallel with the shaft or rotor, and also in a 
screw-like direction around it. This definition does not 
apply, however, to turbines of the purely impulse type, 
like the De Laval, for instance. 

Ques. 709. — What causes the rotor to revolve? 

Ans. — The action of the steam, coming, as it does, 
with tremendous velocity and great force against the 
small buckets or vanes with which the rotor is fitted, 
causes it to revolve, and as there is a continuous current 
of steam passing into the cylinder, the motion is continu- 
ous. 

Ques. 710. — What law of turbo-mechanics governs 
the relation of bucket-speed, and fluid or steam speed? 

Ans. — For purely impulse-wheels, bucket-speed equals 
one-half of jet-speed. For reaction wheels, bucket-speed 
equals jet-speed. 

804 
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Ques. 711. — With what velocity would steam of 100 
pounds pressure discharge into a vacuum of 28 inches? 

Ans. — The theoretical velocity would be 3,860 feet per 
second. 

Ques. 712. — What amount of energy would a cubic 
foot of steam under 100 pounds pressure exert if allowed 
to discharge into a vacuum of 28 inches? 

Ans. — 59,900 foot pounds. 

Ques. 713. — Does the steam impinge against the first 
rows or sections of buckets at full pressure? 

Ans. — In turbines of the Parsons type, the initial 
pressure of the steam is practically boiler-pressure, but 
it gradually falls as it passes on through the cylinder, 
which becomes larger in diameter as the exhaust end is 
approached. In other types of turbines, the steam is 
admitted to and directed against the blades or buckets, 
through expanding nozzles, and by the time it strikes the 
first stage, or section of moving vanes, the pressure has 
fallen to one-third or less of the original boiler-pressure, 
but the velocity is very great. 

Ques. 714. — In what particular respect does the steam 
turbine appear to possess an advantage over the recipro- 
cating engine, in the use of steam? 

Ans. — The turbine, if designed along correct lines, 
is capable of utilizing in the highest degree one of the 
most valuable properties of steam, viz., velocity. 

Ques. 715. — Give an example of the great increase in 
the amount of work performed by an agent when velocity 
is one of the factors made use of. 

Ans. — Suppose that a man is standing within arm's 

20 
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length of a heavy platc-glass window and that he holds in 
his hand an iron ball weighing 10 pounds. Suppose the 
man should place the ball against the glass and press the 
same there with all the energ>' he is capable of exerting. 
He would make ver>' little, if an^', impression upon the 
glass. But suppose that he should walk away from the 
window a distance of 20 feet, and then exert the same 
amount of energy in tlirowing the ball against the glass, 
a different result would ensue. The velocity with which 
the ball would inipin^a* against the surface of the glass 
would no doubt ruin the window. Now, notwithstanding 
the fact that weight, energy, and time involved were 
exactly the same in both inbi»..ces, yet a much larger 
amount of work was performed in the latter case, owing 
to the added force imparted to the ball by the velocity with 
which it impinged against the glass. 

Ques. 71G. — Describe the construction and action of 
the De Laval steam turbine. 

Ans. — The De Laval steam turbine is termed by its 
builders a high-speed rotary steam-engine. It has but a 
single wheel, fitted with vanes or buckets of such curva- 
ture as has been found to be best adapted for receiving 
the impulse of the steam-jet. There are no stationary or 
guide-blades, the angular position of the nozzles giving 
direction to the jet. The nozzles are placed at an angle 
of 20 degrees to the plane of motion of the buckets. 
The heat energy in the steam is practically devoted to 
the production of velocity in the expanding or divergent 
nozzle, and the velocity thus attained by the issuing jet 
of steam is about 4,000 feet per second. To attain the 
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maximum of efficiency, the buckets attached to the 
periphery of the wheel against which this jet impinges 
should have a speed of about 1,900 feet per second, but, 
owing to the difficulty of producing a material for the 

wheel strong enough to withstand tbe strains induced by 




such a high speed, it has been found necessary to limit 
the peripheral speed to 1,200 or 1,300 feet per second. 

Ques. 717. — Describe the action of the steam in its 
passage through the De Laval diverging nozzle, 

Ans. — It is well known that in a correctly designed 
■0Bil< the adiabatic expansion of the steam from max- 
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imum to minimutn pressure will convert the entire static 
energy of t!ie steam into kinetic. Theoretically this is 
what occurs in the De Laval nozzle. The expanding steam 
acquires great velocity, and the energy of the jet of steam 




issuing from the nozzle is equal to the amount of energy 
that wouM be developed if an equal \olunie of steam were 
allowed to adiabatically expand behind the piston of a 
reciprocating engine, a condition, however, which for 
obvious reasons has never yet been attained in practice 
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with the reciprocating engine. But with the divergent 
nozzle the conditions are different. 

Ques. 718. — What is the usual speed of the De Laval 
steam-turbine wheel? 

Ans. — From 10,000 to 30,000 revolutions per minute, 
according to the size of the macliine. 

Ques. 719. — How are the difficulties attending such 
high velocities overcome? 

Ans. — By the long, flexible shaft and the ball and 
socket type of bearings, which allow of a slight flexure 
of the shaft in order that the wheel may revolve about its 
center of gravity rather than the geometrical center or 
center of position. All high-speed parts of the machine 
are made of forged nickel steel of great tensile strength. 

Ques. 720. — How is the speed of the De Laval 
turbine -wheel and shaft reduced and transmitted for 
practical purposes? 

Ans. — By a pair of very perfectly cut spiral gears, 
usually made 10 to 1. These gear-wheels are made of 
solid cast steel, or of cast iron with steel rims pressed on. 
The teeth in two rows are set at an angle of 90 degrees to 
each other. This arrangement insures smooth running 
and at the same time checks any tendency of the shaft 
towards end-thrust, thus dispensing with a thrust bearing. 

Ques. 721. — How are the buckets made and fitted to 
the De Laval wheel? 

Ans. — The buckets are drop-forged and made with a 
bulb shank, fitted in slots, that are milled in the rim of 
the wheel. 

Ques. 722. — How many buckets arc there? 
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Ans. — The number of buckets varies according to tlie 
capacity of the machine. There are about 350 buckets 
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on a 300 horse-power wheel, which 
Up to the present time. 



s the largest size built 
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Ques, 7S3. — How many of the diverging nozzles are 
fitted to each wheel? 

Ans. — The number of these nozzles depends upon the 
size of the machine, ranging from one to fifteen. They 
arc generally fitted with shut-ofF valves by which one or 
more nozzles can be cut out when the load is light. This 
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renders it possible to use steam at boiler- pressure, no 
matter how small the volume required for the load. This 
is a matter of great importance, especially where the load 
varies considerably, as, for instance, there are plants in 
which during certain hours of the day a 300 horse-power 
machine may be taxed to its utmost capacity and during 
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certain other hours the load on the same machine may 
drop to 50 horse-power. In such cases the number of 
nozzles in action may be reduced by closing the shut-off 
valves until the required volume of steam is admitted to 
the wheel. This adds to the economy of the machine. 
After passing through the nozzles, the steam, as elsewhere 
explained, is now completely expanded, and in impinging 
on the buckets its kinetic energy is transferred to the 
turbine wheel. Leaving the buckets, the steam now 
passes into the exhaust-chamber, and out through the 
exhaust-opening, to the condenser or atmosphere, as the 
case may be. 

Ques. 724. — How is tlie speed of this turbine regu- 
lated.'' 

Ans. — The governor is of the centrifugal type, 
although differing greatly in detail from the ordinary 
fly-ball governor. It is connected directly to the end of 
the gear-wheel shaft. 

Ques. 725. — Describe the methods of lubricating the 
bearings on the De Laval turbine. 

Ans. — The main shaft and dynamo bearings are ring- 
oiling. The high-speed bearings on the turbine shaft are 
fed by gravity from an oil-reservoir, and the drip-oil is 
collected in the base and may be filtered and used again. 

Ques. 726. — What can be said regarding the steam- 
consumption of this turbine? 

Ans. — Efficiency tests of the De Laval turbine show 
a high economy in steam-consumption, as, for instance, a 
test made by Messrs. Dean and Main, of Boston, Mass., 
on a 300 horse-power turbine, using saturated steam at 
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about 200 pounds pressure per square inch and develop- 
ing 333 brake horse-power, showed a steam-consumption 
of 15.17 pounds per brake horse-power, and the same 
machine, when supplied with superheated steam and 
carrying a load of 3'>2 brake horse-power, consumed but 
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13.04 pounds per brake horse-power. These results 
compare most favorably with those of the highest type of 
reciprocating engines. 

Ques, 727. — Since the steam is used in but a single 
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Stage or section of buckets in the De Laval turbine, why 
such good economy in the use of steam? 

Ans. — The static energy in the steam as it enters the 
nozzles is converted into kinetic energy by its passage 
through the divergent nozzles, and the result is a greatly 
increased volume of steam leaving the nozzles at a tre- 
mendous velocity, but at a greatly reduced pressure — 
practically exhaust pressure — impinging against the 
buckets of the turbine wheel and thus causing it to 
revolve. 

Table No. 11 
Capacities and Speed of De Laval Turbines 



Horse Power. 


1 

Revolutions | Revolutions 
Turbine Shaft. Main Shaft. 


Approximate 
Weight, 
Pounda. 


5 

10 

20 

75 

110 

225 

300 


30,000 
24,000 
20,000 
16,400 
13,000 
11,060 
10,500 


3,000 
2,400 
2,000 
1,500 
1,200 
900 
900 


330 

650 

1,250 

5,000 

8,000 

15.000 

20,000 



Ques. 728. — Describe in general terms the Curtis 
steam-turbine. 

Ans. — The Curtis turbine is built by the General 
Electric Company at their works in Schenectady, N. Y., 
and Lynn, Mass. The larger sizes are of the vertical 
type, and those of small capacity are horizontal. In the 
vertical type the revolving parts are set upon a vertical 
shaft, the diameter of the shaft corresponding to the size 
of the machine. The shaft is supported by and runs 
upon a step-bearing at the bottom. This step-bearing 
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have proven, after a long service in a number of cases, 
to be reliable. The vertical shaft is also held in place and 
kept steady by three sleeve bearings, one just above the 
step, one between the turbine and generator, and the 
other near the top. These guide bearings are lubricated 
by a standard gravity feed system. It is apparent that 
the amount of friction in the machine is very small, and 
as there is no end-thrust caused by the action of the 
steam, the relation between the revolving and stationary 
blades may be maintained accurately. As a consequence, 
therefore, tlie clearances are reduced to the minimum. 
The Curtis turbine is divided into two or more stages, 
and each stage has one, two or more sets of revolving 
blades bolted upon the peripheries of wheels keyed to the 
shaft. There are also the corresponding sets of station- 
ary blades, bolted to the inner walls of the cylinder or 
casing. 

Ques. 729.— What is the diameter of the vertical shaft 
for a 5,000 kilowatt turbine and dynamo? 

Ans. — Fourteen inches. 

Ques. 730. — How is the heat energy in the steam 
imparted to the wheel of the Curtis turbine? 

Ans. — Both by impulse and reaction. The steam is 
admitted through expanding nozzles in which nearly all of 
the expansive force of the steam is transformed into the 
force of velocity. The steam is caused to pass through 
one, two, or more stages of moving elements, each stage 
having its own set of expanding nozzles, each succeeding 
set of nozzles being greater in number and of larger area 
than the preceding set. The ratio of expansion within 
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these nozzles depends upon the number of stages, as, for 
instance, in a two-stage machine the steam enters the 
initial set of nozzles at boiler-pressure, say 180 pounds. 
It leaves these nozzles and enters the first set of moving 
blades at a pressure of about 15 pounds, from which it 
further expands to atmospheric pressure in passing 
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through the wheels and intermediates. From the pres- 
sure in the 6rst stage the steam again expands through 
the larger area of the second stage nozzles to a pressure 
slightly greater than the condenser vacuum at the 
entrance to the second set of moving blades, against 
which it now impinges and passes through, still doing 
work, due to velocity and mass. From this stage the 
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Steam passes to the condenser. If the turbine is a four- 
stage machine and the initial pressure is 180 pounds, the 
pressure at the different stages would be distributed in 
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about the following manner: Initial pressure, 180 
pounds; first stage, 50 pounds; second stage, 5 pounds; 
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third stage, partial vacuum, and fourth stage, condenser 
vacuum. 

Ques. 731. — What are the diameters of the wheels? 

Ans. — ^The diameters of the wheels vary according to 
the size of the machine, that of a 5,000 kilowatt unit being 
13 feet. 

Ques. 732. — What amount of clearance is there be- 
tween the revolving and stationary blades? 

Ans. — The clearance between the revolving and sta- 
tionary blades is from bV to iV inch, thus reducing the 
wastage of steam to a very low percentage. 

Ques. 733. — Describe the action of the steam in a 
two-stage Curtis turbine. 

Ans. — The steam enters the nozzle openings at the top 
through valves that are controlled by the governor. 
After passing successively through the different sets of 
moving blades and stationary blades in the first stage, the 
steam passes into the second steam-chest. The flow of 
steam from this chamber to the second stage of buckets 
is also controlled by valves, but the function of these 
valves is not in the line of speed-regulation, but for the 
purpose of limiting the pressure in the stage-chambers, 
in a manner somewhat similar to the control of the 
receiver pressure in a two-cylinder or three-cylinder 
compound reciprocating engine. The valves controlling 
the admission of steam to the second and later stages 
differ from those in the first group in that they partake 
more of the nature . of slide-valves and may be operated 
either by hand or automatically; in fact, they require but 
very little regulation, as the governing is always done by 
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the live-steam admission-valves. As previously stated, 
the steam first strikes the moving blades in the first stage 
of a two-stage machine at a pressure of about 15 pounds 




above atmospheric pressure, but with great velocity. 
From this wheel it passes to the set of stationary blades 
between it and the next lower wheel. These stationary 
blades change the direction of flow of the steam and cause 
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it to impinge against the buckets of the second wheel a1 
the proper angle, 

Ques. 734. — How is speed-regulation accomplished in 
the Curtis steam turbine? 

Ans, — The governing of speed is accomplished in the 
first set of nozzles, and the control of the admission- valves 
here is effected by means of a centrifugal governor 
attached to the top end of the shaft. This governor, by 
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a very slight movement, imparts motion to levers, which 
in turn work the valve mechanism. The admission of 
steam to the nozzles is controlled by piston-valves which 
are actuated by steam from small pilot-valves which are 
in turn under the control of the governor. Speed-regu- 
lation is effected by varying the number of nozzles in 
flow, that is, for light loads fewer nozzles are open and a 
smaller volume of steam is admitted to the turbine wheel, 
but the steam that is admitted impinges against the mov- 
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ing bhdes with the same velocity always, no matter whetiier 
the volume be large or small. With a full load and all 
the nozzle sectioni in flow, the iteam passes to the wheel 
in a broad belt and steady flow. 
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Ques. 735. — What great advantage does the steam- 
turbine as a prime mover for an electric generator 
possess over the reciprocating engine? 

Ans. — The advantage of a high speed of revolution, 
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whereby there can be a great reduction in the size, 
weight, and cost of the direct-driven generator. 

Ques. 736. — Give approximately the over-all dimen- 
sions of a Westinghouse- Parsons turbo -genera tor unit of 
5,500-kilowatl, 11,000 volt capacity, of the revolving field 
type, speed 750 revolutions per minute, vacuum to he 
S7>i inches. 

Ans. — Length 47 feet, width 13 feet, and height 
14 feet to top of gallery-ring. 




Fig. 199. GiNiiAi. View 



Ques. 737. — What amount of floor-space would a 
reciprocating engine and direct -connected generator of 
equal capacity with the above occupy? 

Ans. — The generator would be 42 feet in extreme 
diameter, its weight would be 445 tons (speed to be 75 
revolutions per minute) and it, together with the four- 
cylinder piston engine, would fill a space 40 feet wide by 
60 feet long, and tower 45 foet in height. 

Ques. 738. — Describe in general terms the construe- 
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tion and principles of operation of the Westinghouse- 
Parsons steam-turbine. 

Ans. — The We sting ho use- Par sons steam-turbine is 
fundamentally baseil upon the invention of Mr, Charles 
A. Parsons, who, while experimenting with a reaction 
turbine constructed along the :;; -s of Hero's engine, con- 
ceived the idea of combining the two principles, reaction 




and impulse, and also of causing the steam to flow in a 
general direction parallel with the shaft of the turbine. 
This principle of parallel flow is common to all four types 
of turbines, but is perhaps more prominent in the 
Westinghouse-Parsons and less so in the De Laval. The 
cylinder, or stator, as it is termed, is divided longitudinally 
into an upper and a lower half flanged and bolted together. 
There are three sections or drums, gradually increasing 
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in diameter from the inlet to the third and last group of 
blades. This arrangement may be likened in some 
measure to the triple-compound reciprocating engine. 

Ques. 739. — Describe the arrangement of the blades 
or buckets in the Westinghouse-Parsons steam-turbine. 

Ans. — There are two kinds of blades, viz., stationary 
blades and moving blades, but they are similar in shape, 
being of the same curvature. These blades are made of 
hard drawn material, and are set into their places and 
secured by a caulking process. The stationary blades 
project from the inside surface of the cylinder, while 
similar rows of moving blades project from the surface 
of the rotor, or revolving drum. When the upper half 
of the cylinder is in position each row of stationary blades 
fits in between two corresponding rows of moving blades. 

Ques. 740. — Are these blades all of the same length? 

Ans. — They are not. The length varies from ^ inch 
for the shortest to 7 inches for the longest, according to 
their location. The shortest blades are placed at the 
steam end of each section and the longest blades are 
placed at the opposite end. 

Ques. 741. — What is the clearance between the blades 

as they stand in the rows? 

Ans. — The clearance between the blades as they stand 
in the rows is ys inch for the smallest size blades and yi 

inch for the larger ones, gradually increasing from the 

inlet to the exhaust. In the 5,000 kilowatt machine the 

clearance at the exhaust end between the rows of blades 

is 1 inch. 

Ques. 742. — What is the general direction taken by 
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the steam in its passage through the Westinghouse-Par* 
sons turbine? 

Ans. — The steam entering at the smaller end of the 
cylinder presses first against the shortest blades and then 
passes on through in the form of spiral or screw line about 
the rotor, continually pressing against new and gradually 
lengthening blades, thus doing work by reason of its 
velocity. 
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Pic. 201. Sectional View of Fouk Rows or Blades, or a Westinchousb* 

Parsons Tukbine. 

Ques. 743. — As steam presses equally in all directions, 
is there not a very heavy end-thrust exerted by the rotor? 

Ans. — There is not. The pressure in either direc- 
tion is perfectly balanced by means of balancing pistons 
placed on the steam end of the rotor. The diameters of 
these pistons correspond to the diameters of the different 
drums or sections.* 

Ques. 744. — About what is the velocity of the steam 
in the Parsons turbine? 



♦The theory and action of these balancing pistons is fully 
and completely described in Swingle's 'Twentieth Century Hand 
Book for Engineers and Electricians." 
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Ans. — ^The highest velocity does not exceed 600 feet a 
second. 

Ques. 745. — About what amount of pressure is 
exerted upon each blade by the steam? 

Ans. — The steam-thrust on each blade is said to be 
equal to about 1 ounce avoirdupois. 

Quec 741'. — WlHi ci,r-li a v^ry Ijcrlif prpssiup upon 




each blade, why is it that this turbine is capable of devel- 
oping power? 

Ans. — Because of the large number of blades: as, for 
instance, taking a 400 kilowatt machine, there are 16,095 
moving blades and 14,978 stationary blades, a total of 
31,073. 

Ques. 747, — How are the clearances preserved? 

Ans. — A rigid shaft and thrust or adjustment bearing 
accurately preserves the clearances. 
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Ques. 748. — Describe the construction and action of 
the bearings. 

Ans. — The bearings are constructed along lines differ- 
ing from those of the ordinary reciprocating engine. The 
bearing proper is a gun-metal sleeve that is prevented 
from turning by a loose-fitting dowelL Outside of this 
sleeve are three concentric tubes having a small clearance 
between them. This clearance is kept constantly filled 
with oil supplied under light pressure, which permits a 
vibration of the inner shell or sleeve and at the same time 
tends to restrain or cushion it. This arrangement allows 
the shaft to revolve about its axis of gravity instead of 
the geometrical axis, as would be the case if the bearing 
were of the ordinary construction. The journal is thus 
to a certain degree a floating journal, free to run slightly 
eccentric according as the shaft may happen to be out of 
balance. 

Ques. 749. — How is the power of the Westinghouse- 
Parsons turbine transmitted to the dynamo, or other 
machine to be run? 

Ans. — A flexible coupling is provided, by means of 
which the power of the turbine is transmitted to the 
dynamo '^^ other machine it is intended to run. The oil 
from all the bearings drains back into a reservoir, and 
from there it is forced up into a chamber, where is forms 
a static head, which gives a constant pressure of oil on 
all the bearings. 

Ques. 750. — How is the speed governed? 

Ans. — The speed of the Westinghouse-Parsons 
turbine is regulated by a fly-ball govemer constructed in 
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such manner that a very slight movement of the balls 
serves to produce the required change in the supply of 
steam. The ball levers swing on knife edges instead of 
pins. The governor works both ways, that is to say, 
when the levers are oscillating about their mid position a 
head of steam corresponding to full load is being admitted 
to the turbine, and a movement from this point, either up 
or down, tends to increase or to decrease the supply of 
steam. 
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Ques. 751. — What can be said of the efficiency of the 
Westinghouse-Parsons steam-turbine? 

Ans. — Under test a 400 kilowatt Westinghouse-Par- 
sons steam-turbine, using steam at 150 pounds initial 
pressure and superheated about 180 degrees, consumed 
11,17 pounds of steam per brake horse-power hour at full 
load. The speed was 3.550 revolutions per minute and 
the vacuum was 28 inches. With dry saturated steam 
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the consumption was 13.5 pounds per brake horse-power 
hour at full load, and 15.5 pounds at one-half load. A 
1,000 kilowatt machine, using steam of 150 pounds pres- 
sure and superheated 140 degrees, exhausting into a 
vacuum of 28 inches, showed the very remarkable 
economy of 12.66 pounds of steam per electrical horse- 
power per hour. A 1,500 kilowatt Westinghouse-Par- 
son turbine, using dry saturated steam of 150 pounds 
pressure with 27 inches vacuum, consumed 14.8 pounds 
steam per electrical horse-power hour at full load, and 
17.2 pounds at one-half load. 

Ques. 752. — What efficiency does the Curtis turbine 
show in the use of steam? 

Ans. — A GOO kilowatt Curtis turbine operating at 
1,50P revolutions per minute, with steam at 140 pounds 
gauge-pressure and 28.5 inches vacuum, showed a steam- 
consumption as follows, steam superheated 150 degrees: 
At full load, 12.5 pounds per electrical horse-power per 
hour; at half load, 13.25 pounds per electrical horse-power 
per hour; at one-sixth load, 16.2 pounds per electrical 
horse-power per hour, and at one-third overload, 12.4 
pounds per electrical horse-power per hour. 

Ques. 753. — Describe in brief terms the Hamilton- 
Ilolzwarth steam-turbine. 

Ans. — The Hamilton-IIolzwarth steam-turbine is 
based upon and has been developed from the designs of 
Prof. Rateau, and is being manufactured in this country 
by the Hooven-Owens-Rentschler Company, of Hamilton, 
Ohio. It is horizontal and placed upon a rigid bed-plate 
of the box pattern. AH steam, oil and water-pipes arc 
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within and beneath this bed-plate, as are also the steam- 
inlet-valve and the regulating and by-pass valves. The 
smaller sizes of this turbine are built in a single casing or 
cylinder, but for units of 750 kilowatts and larger the 
revolving element is divided into two parts, high and low 
pressure. This turbine resembles the Westinghouse-Par- 
sons turbine in some respects, prominent of which is that 
it is a full-stroke turbine, that is, that the steam flows 
through it in one continuous belt or veil in screw line, 
the general direction being parallel with the shaft. But, 
unlike the Parsons type, the steam in the Hamilton-Holz- 
warth turbine is made to do its work only by impulse, 
and not by impulse and reaction combined. It might 
thus be termed an action turbine. 

Ques. 754. — Describe the interior construction of this 
turbine. \ 

Ans. — The interior of the cylinder is divided into a 
series of stages by stationary disks which are set in 
grooves in the cylinder and are bored in the center to 
allow the shaft, or rather the hubs of the running wheels 
that are keyed to the shaft, to revolve in this bore. 
There are no balancing pistons in this machine, the axial 
thrust of the shaft being taken up by a thrust ball-bear- 
ing. Between each two stationary disks there is located 
a running wheel, and the clearance between the running 
vanes and the stationary vanes is made as slight as is 
consistent with safe practice. 

Ques. 755. — Describe the construction of the running 
\ anes and the action of the steam upon them. 

Ans. — The running vanes conform in section somewhat 
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areas of the passages through the distributers and running 
vanes must be progressively enlarged. The gradual in- 
crease in the dimensions of the stationary vanes permits 
the steam to expand within them, thus tending to maintain 
its velocity, while at the same time the vanes guide the 
steam under such a small angle that the force with which 
it impinges against the vanes of the next running wheel 
is as effective as possible. The curvature of the vanes is 
such that the steam while passing through them will in- 
crease its velocity in a ratio corresponding to its oper- 
ation. 

Ques. 757. — Describe the method of regulating the 
speed of this turbine. 

Ans. — The governor is of the spring and weight type, 
adapted to high speed, and is designed especially for 
turbine governing. It is directly driven by the turbine- 
shaft, revolving with the same angular velocity. Its action 
is as follows: Two disks keyed to the shaft, drive, by 
means of rollers, two weights sliding along a cross-bar 
placed at right angles through the shaft and compressing 
two springs against two nuts on the cross-bar. Every 
movement of the weights, caused by increasing or decreas- 
ing the angular velocity of the turbine-shaft, is trans- 
mitted by means of levers to a sleeve which actuates the 
regulating mechanism. These levers are balanced so that 
no back pressure is exerted upon the weights. The whole 
governor is closed in by the disks, one on each side, and a 
steel ring secured by concentric recesses to the disks. In 
order to decrease the friction within the governor and 
regulating mechanism, thrust ball-bearings and friction- 
less roller-bearings are used. 



334 QUESTIONS AND ANSWERS 

Ques. 758. — Describe the action of the steam within 
the Hamilton-Holzwarth steam-turbine. 

Ans. — After leaving the steam-separator that is 
located beneath the bed-plate, the steam passes through 
the inlet or throttle-valve, the stem of which extends up 
through the floor near the high-pressure casing and is 
protected by a floor-stand and equipped with a hand 
wheel. The steam now passes through the regulating 
valve, which will be described later on. From this valve 
it is led through a curved pipe to the front head of the 
high-pressure casing or cylinder. In this head is a ring 
channel into which the steam enters, and from whence it 
flows through the first set of stationary vanes. 

Ques. 759. — E^scribe the action of the steam as it 
passes through the first set of stationary vanes. 

Ans. — In these vanes the first stage of expansion 
occurs, the velocity of the flow is accelerated, and the 
direction of flow is changed by the curve of the vanes in 
such manner that the steam impinges against the vanes 
of the first running wheel at the proper angle and in a full 
cylindrical belt, imparting by impulse a portion of its 
energy to the wheel. 

Ques. 7G0. — What takes place in the course of the 
steam after leaving the first running wheel? 

Ans. — Passing through the vanes of this wheel, the 
steam immediately enters the vanes of the second station- 
ary disk, which are larger in area than those of the first, 
and here occurs the second stage of expansion, another 
acceleration of velocity, and also the proper change in 
direction, and the steam leaves this distributer and 
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impinges against the vanes of the second running wheel. 
This cycle is repeated throughout the several stages of 
the turbine, a certain percentage of the heat energy in the 
steam being imparted by impulse to each wheel and thence 
to the turbine-shaft. From the last running wheel the 
steam is led through receiver pipes to the front head of 
the low-pressure cylinder, or, if there is but one cylinder, 
directly to the condenser or the atmosphere. 

Ques. 761. — Describe the construction and location 
of the regulating valve. 

Ans. — The regulating valve is located beneath the 
bed-plate. One side of it is connected by a curved pipe 
with the front head of the high-pressure cylinder and the 
other side is connected with the inlet-valve. The regulat- 
ing valve is of the double-seated poppet-valve type. 
Valves and valve-seats are made of tough cast steel, to 
avoid corrosion as much as possible, and the valve-body 
is made of cast iron. 

Ques. 762. — Describe the by-pass regulating valve. 

Ans. — This valve is also a double-seated poppet-valve 
and is located immediately below the regulating valve and 
forming a part of it. Thus the use of a second stuffing 
box for the stem of this valve is avoided. The function 
of this valve is to control the volume of the live-steam 
supply that flows directly to the by -pass nozzles in the 
front head of the low-pressure casing. 

Ques, 763. — How is the main regulating valve 
operated? 

Ans. — The main regulating valve is not actuated 
directly by the governor, but by means of the regulating 
mechanism. 
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Ques. 764. — Describe the construction and operation 
of the regulating mechanism of the Hamilton-Holzwarth 
steam-turbines. 

Ans. — The construction and operation of this regulat- 
ing mechanism is as follows: The stem of the regulating 
valve is driven by means of bevel gears by a shaft that is 
supported in frictionless roller-bearings. On this shaft 
there is a friction wheel that the governor can slide across 
the face of a continuously revolving friction disk by 
means of its sleeve and bell-crank lever. This revolving 
disk is keyed to a solid shaft which is driven by a coupling 
from a hollow shaft. This hollow shaft is driven by the 
turbine-shaft through the medium of a worm gear. The 
solid shaft, with the continuously revolving friction disk, 
can be slightly shifted by the governor sleeve so that the 
two friction disks come into contact when the sleeve 
moves, that is, when the angular velocity changes. If 
this change is relatively great, the sleeve will draw the 
periodically revolving friction disk far from the center of 
the always revolving one, and this disk will quickly drive 
the stem of the regulating valve and the flow of steam will 
thus be regulated. As soon as the angular velocity falls 
below a certain percentage of the normal speed, the 
driving friction disk is drawn back by the governor, the 
regulating valve remains open and the whole regulating 
mechanism rests or stops, although the shaft is still 
running. 

Ques. 765. — Under what conditions will this governor 
shut down the turbine? 

Ans. — Should the angular velocity of the shaft reach 
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a point 2.5 per cent higher than normal, the governor will 
shut down the turbine. If an accident should happen to 
the governor, due to imperfect material or breakiiig or 
weakening of the springs, the result would be a shut- 
down of the turbine. 

Ques. 766. — How may the speed of this turbine be 
changed, while running, if necessary? 

Ans. — In order to change the speed of the turbine 
while running, which might be necessary in order to run 
the machine parallel with another prime mover, a spring 
balance is provided, attached to the bell-crank lever of 
the regulating mechanism. The hand-wheel of this spring 
balance is outside of the pedestal for regulating mechanism 
and near the floor-stand and hand-wheel. With this 
spring balance the speed of the turbine may be changed 
5 per cent either way from normal. 

Ques. 767. — What is the best method of disposing of 
the exhaust steam of steam-turbines? 

Ans. — As in the case of the reciprocating engine, the 
highest efficiency in the operation of the steam-turbine is 
obtained by allowing the exhaust steam to pass into a 
condenser, and experience has demonstrated that it is 
possible to maintain a higher vacuum in the condenser of 
a turbine than in that of a reciprocating engine. This 
is due, no doubt, to the fact that in the turbine the steam 
is expanded down to a much lower pressure than is pos- 
sible with the reciprocating engine. 

Ques. 768. — What type of condensing apparatus is 
best adapted to steam-turbines? 

Ans. — The condensing apparatus used in connection 
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with Steam-turbines may consist of any one of the 
modern improved systems, and as no cylinder-oil is used 
within the cylinder of the turbine, the water of condensa- 
tion may be returned to the boilers as feed-water. If the 
condensing water is foul or contains matter that would 
be injurious to the boilers, a surface condenser should be 
used. If the water of condensation is not to be used in 
the boilers, the jet system may be employed. 

Ques. 769. — What percentage of gain may be effected 
by allowing the exhaust steam from the turbine to pass 
into a good condenser? 

Ans. — As an instance of the great gain in economy 
effected by the use of the condenser in connection with 
the steam-turbine, a 750 kilowatt Westinghouse-Parsons 
turbine, using steam of 150 pounds pressure, not super- 
heated and exhausting into a vacuum of 28 inches, showed 
a steam consumption of 13.77 pounds per brake horse- 
power per hour, while the same machine operating non- 
condensing consumed 28.26 pounds of steam per brake 
horse-power hour. Practically the same percentage in 
economy effected by condensing the exhaust applies to 
the other types of .steam-turbines. 

Ques. 770. — About what is the additional cost of 
operating a complete condensing outfit in connection 
with a steam-turbine plant? 

Ans. — With reference to the relative cost of operating 
the several auxiliaries necessary to a complete condensing 
outfit, the highest authorities on the subject place the 
power consumption of these auxiliaries at from 2 to 7 per 
cent of the total turbine output of power. A portion of 
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this IS regained by the use of an open heater for the feed- 
water, into which the exhaust steam from the auxiliaries 
may pass, thus heating the feed-water and returning a 
part of the heat to the boilers. 

Ques. 771. — What precautions must be observed in 
the operation of a condensing outfit in order to obtain the 
highest efficiency? 

Ans. — A prime requisite to the maintenance of high 
vacuum, with the resultant economy in the operation of 
the condensing apparatus, is that all entrained air must 
be excluded from the condenser. There are various ways 
in which it is possible for air to find its way into the con- 
densing system. For instance, there may be an improp- 
erly packed gland, or there may be slight leaks in the 
piping, or the air may be introduced with the condensing 
water. This air should be removed before it reaches the 
condenser, and it may be accomplished by means of the 
**dry'' air-pump. 

Ques. 772. — Describe some of the leading character- 
istics of the dry air-pump. 

Ans. — This dry air-pump is different from the 
ordinary air-pump that is used in connection with most 
condensing systems. The dry air-pump handles no 
water, the cylinder being lubricated with oil in the same 
manner as the steam-cylinder. The clearances also are 
made as small as possible. These pumps are built either 
in one or two stages. 

Ques. 773. — What particular features would be 
required in the design of a compound or stage-expansion 
reciprocating engine, in order to develop a high vacuum, 
for instance as high as 28.5 inches? 
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Ans. — In comparing the efficiency of the reciprocating 
engine and the steam-turbine it is not to be inferred that 
reciprocating engines would not give better results at 
high vacuum than they do at the usual rate of 25 to 26 
inches, but to reach and maintain the higher vacuum of 
28 to 28.5 inches with the reciprocating engine would 
necessitate much larger sizes of the low-pressure cylinder, 
as also the valves and exhaust pipes, in order to handle 
the greatly increased volume of steam at the low-pressure 
demanded by high vacuum. 

Ques. 774. — What advantage has the turbine over the 
reciprocating engine, in the disposal of its exhaust 
steam? 

Ans. — The steam-turbine expands its working steam 
to within 1 inch of the vacuum existing in the condenser, 
that is, if there is a vacuum of 28 inches in the condenser 
there will be 27 inches of vacuum in the exhaust end of 
the turbine cylinder. On the other hand, there is usually 
a difference of 4 or 5 inches (2 to 2.5 pounds) between 
the mean back pressure in the cylinder of a reciprocating 
condensing engine and the absolute back pressure in the 
condenser. 

Ques. 775. — Mention the two principal sources of 
economy that the steam-turbine possesses in a high 
degree. 

Ans. — Two of the main sources of economy that the 
steam-turbine possesses in a much higher degree than 
docs the reciprocating engine are: First, its adaptability 
for using superheated steam, and second, the possibility 
of maintaining a higher degree of vacuum. 



342 QUESTIONS AND ANSWERS 

Ques. 776. — What can be said of the steam turbine, 
regarding friction of rubbing parts, such as reciprocating 
pistons, cross-heads, etc? 

Ans. — There are no rubbing surfaces in the turbine 
except the bearings of the rotor. 

Ques. 777. — Of what type is the Allis Chalmers steam- 
turbine? 

Ans. — It is of the reaction, or Parsons type, with a 
number of modifications in details of construction. 

Ques. 778. — Give an elementary description of the 
"Parsons" steam-turbine. 

Ans. — It consists essentially of a fixed casing, or 
cylinder, usually arranged in three stages of different 
diameters, that of the smallest diameter being at the high- 
pressure, or admission end, and that of the largest diam- 
eter at the low-pressure or exhaust end of the casing. 

Inside of this casing is a revolving drum, or rotor, the 
ends of which are extended in the form of a shaft, and 
carried in two bearings, just outside each end of the cyl- 
inder. 

Ques. 779. — What causes the drum to revolve within 
the cylinder? 

Ans. — The drum is fitted with a large number of small 
curved blades, or paddles arranged in straight rows 
around its circumference. The blades in each stage, or 
step, are also arranged in groups of increasing length, 
those at the beginning of each larger stage being shorter 
than those at the end of the preceding stage, the change 
being made in such a manner that the correct relation of 
blade length to drum diameter is secured. These rows of 
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revolving blades fit in and run between corresponding 
rows of stationary blades that project from the walls of 
the cylinder. These stationary blades have the same cur- 
vature as the revolving blades, but are set so that the 
curves inciine in the opposite direction to those of the 
revolving blades. The steam entering the cylinder at the 
smallest or first stage, is deflected in its course by the 
first row of stationary blades, and immediately impinges 
with a pressiire^ut slightly reduced from boiler pressure, 
against the first row of revolving blades. It then passes 
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to the next row of stationary blades, which again deflect 
its course so as to cause it to strike the next row of mov- 
ing blades at the proper angle. Thus the continual 
pressure and reaction of the steam against the curved 
surfaces of the moving blades causes the drum, or rotor 
to revolve. 
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Ques. 780.— Does not the action of the steam against 
the revolving blades tend to produce a strong end thrust? 

Ans. — It does — but this thrust is neutralized by three 
"balance-pistons" so called, which are fitted upon the 
revolving drum at the high-pressure end of the cylinder. 
The diameter of cacii "piston" corresponds with the 
diameter of that stage of the cylinder with which it is 
connected by an equalizing passage which permits the 
steam to act upon it, and thus balance the thrust. 
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Ques. 731. — Do the revolving blades come in contact 
with the stationary parts? 

Ans, — They do not. The high speeds which are ncc- 
assary in the steam turbine prohibit any continuous con- 
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tact between moving and stationary parts, except in t]:c 
lubricated bearings. 

Ques. 782. — How much clearance is allowed between 
the moving and stationary parts in the "Parsons" steam- 
turbine? 

Ans, — The tips of the revolving blades just clear the 
walls of the cylinder, and the tips of the stationary blades 
just clear the surface of the rotor. 
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Qucs. 7H;1. — How are the clearances between the 
edges of the revolving and stationary blades preserved? 

Ans, — The position of the drum, as regards end play, 
is definitely fixed by means of a small "thrust bearing" 
provided inside the housing of the main bearing;. 

This so-called thrust bearing can be adjusted to locate, 
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and hold the revolving spindle or rotor in such position as 
will allow sufficient clearance between the moving and 
stationary blades, and yet reduce the leakage of steam to 
a minimum. 

Ques. 784. — Is there not danger of out leakage of 
steam, and in leakage of air, where the shaft passes out 
of the high and low-pressure ends of the cylinder? 

Ans. — There is; but this is provided for by glands 
that are made practically friclionless by water packing, 
without metallic contact. 

Ques. 785. — How is the power of the **Parsons" type 
of steam-turbine transmitted to the electric generator, or 
other machine to be run? 

Ans. — The shaft is extended at the low-pressure end, 
and coupled to the shaft of the generator by means of a 
flexible coupling. 

Ques. 78(). — What provision is made in this type of 
steam-turbine for speed regulation? 

Ans. — The speed of the **Parsons" turbine is regu- 
lated by a very sensitive governor driven from the turbine 
shaft by means of cut gears working in an oil bath. The 
governor operates a balanced throttle-valve, and may be 
adjusted for speed while the turbine is in motion if 
necessary for the synchronizing of alternators, and divid- 
ing the load. 

Ques. 787. — Suppose there should be an accidental 
derangement of the governing mechanism, what provision 
is made for preventing dangerous over speed? 

Ans. — A separate safety governor is provided, driven 
directly by the turbine shaft, without the intervention of 
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gearing, and so adjusted that if the speed of the turbine 
should reach a predetermined point above that for which 
tlie main governor is set, the safety governor will come 
into action, and trip a valve, thus shutting off the steam, 
and stopping the turbine. 

Ques. 788. — Is the arrangement of "balance-pistons" 
described in answer to question 780 carried out in all 
sizes of steam-turbines of the "Parsons" type? 

Ans. — No. In the larger sizes of the Allis Chalmers 
steam-turbine, the largest one of the three pistons at the 
high-pressure end is replaced by a smaller balance-piston 
located at the low-pressure end of the turbine, and work- 
ing inside a supplementary cylinder. 

This piston presents the same effective area for the 
steam to act upon, as did the larger piston, because the 
working area of the latter in its original location con- 
sisted only of the annular area included between its 
periphery, and the periphery of the next smaller piston. 

Ques. 789. — How is the pressure of the steam brought 
to bear upon this equalizing piston in its new position? 

Ans. — By means of passages through the body of the 
rotor, connecting the third stage of the cylinder with 
the supplementary cylinder in which the piston revolves. 

Ques. 790. — How are the blades or paddles fitted to, 
and held in the rotor, and cylinder of the Allis Chalmers 
steam-turbine? 

Ans. — Each blade is individually formed by special 
machine tools, so that its root or foot is of an angular 
dove-tail shape, and at its tip there is a projection. 

Foundation rings are provided for each row of blades. 
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These rings have slots of dove-tail shape cut into them 
to receive the roots of the blades. These slots are accu- 
rately spaced, and inclined so as to give the required 
pitch and angle to the blades. The foundation rings 
themselves are dove-tail in cross section, and are inserted 
in dove-tail grooves cut in the turbine cylinder, and rotor 
respectively. These rings are firmly held in place by key 
pieces that are driven into place, and upset into undercut 
grooves, thus locking the whole structure firmly together. 

Ques. 7!)1. — How are the tips or outer ends of the 
blades protected? 

Ans. — By a shroiul ring for each row, in which holes 
are punched to receive the projections on the tips of the 
blades. 

These holes are spaced by special machinery to match 
the slots in the foundation ring. 

Ques. 7i>"?. — Describe the construction of the shroud 
rings. 

Ans. — They are channel shaped in cross section, and 
are made thin, so that in case of accidental contact with 
an opposing surface no dangerous heating will occur, 
neither will the rubbing be so liable to rip out the blades, 
as it is when they are unprotected by a shroud ring. 

Ques. 7i):}. — Mention another advantage in connection 
with the use of a shroud ring. 

Ans. — The blades in eacli row are stiffened, and held 
together as a unit by its use, tiius permitting smaller 
clearances, and reducing the leakage loss to a minimum. 
The channel shape of the shroud ring also forms an 
effective bailie to the steam Icakas^e. 
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^H Ques. 7<>4.— What type of bearings are the AUJs 
^H Chalmers steara-turbines fitted with? 
^V Ans.— Self-adjusting hall and socket bearings espe- 
^H cially designed for high speed, shims being provided for 

^^B proper alignment. 


1 


■ 


p) 




L 


Kf . 213 ihow* • numlKt of rows of siaiionary hltda fitted in th* cylinder o 
in Allk Cbalmen ileim luibme. 

In the smaller sizes the bearing shells are made o) 
special bronze, and in the larger sizes white metal is usee 
or bearing surface. 


J 



5TEAU TURBINE — FUNDAUEKTAL PRIKaPLES 



3f63 



Ques. 795. — How are these bearings lubricated? 

Ans. — The oil is supplied freely to the middle of each 
bearing, and allowed to flow out at the ends, where it is 
caught, passed through a cooler, and pumped back to the 
bearings, to be used again and again. 

Ques. 79G. — Does the fact that the oil is supplied 
to the bearings in large quantities necessarily imply a 
heavy expenditure for oil? 

Ans. — It does not; for the reason that the bearings 
practically float on oil films, thus preventing that "wear- 
ing out" of the oil which occurs when it is supplied in 
diminutive doses. 

Ques, 797. — Can superheated steam be used to advan- 
tage in steam-turbines? 

Ans, — It can; in fact the steam-turbine has solved the 
problem of superheated steam, owing to the absence of 
all rubbing parts exposed to the steam. This permits the 
use of steam of high temperature thus making it possible 
to realize the advantages of economical operation. 

Ques. 798. — Is there not danger of distortion of the 
turbine cylinder being caused by the very high tempera- 
tures to which it is exposed by the use of superheated 
steam? 

Ans, — There have been numerous instances in the past 
of unequal expansion of the top, and bottom of the cylin- 
der thereby causing the rotating blades to come in 
contact with the cylinder walls, and be ripped out, but this 
difficulty has in a great measure been overcome by certain 
designers of steam-turbines, who have made a special 
study of the laws of expansion and contraction of metals, 
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and have thus been enabled to make such a distribution 
of the metal, as to cause an equal expansion of all piarts 
of the cylinder. 

Ques. 799. — What effect does the accidental carrying 
over of water with the steam, have upon the steam-tur- 
bine? 

Ans. — The sudden presence of a quantity of water 
with the steam, caused by foaming or priming of the boil- 
ers, would cause no more serious results than the slowing 
down of the turbine during the time necessary to permit 
tlie water to be discharged from the exhaust end. 

Ques. 800. — What may be said in general of the 
steam-turbine? 

Ans. — It has passed through the experimental stage, 
and has come to the front, as an efficient power pro- 
ducer, having a bright future before it. 
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PREFACE 



If mechanical drawing is to be of any practical use 
to a person, he must be able to thoroughly understand 
the form and arrangement of the various parts of a 
machine from an inspection of the drawings of the 
machine without reference to the machine itself. He 
ought also to be able to make drawings of a machine 
or the parts of a machine from the machine itself. As 
mechanical drawing is simply the application of the 
principles of geometry to the representation of ma- 
chines, a person who wishes to become thoroughly 
conversant with mechanical drawing and ma- 
chine design should commence by studying the 
geometrical problems given in this work. The student 
in following up the problems given, should not content 
himself by merely copying the drawings, but should do 
each example over and over, until he is thoroughly 
familiar with the principles involved in their construc- 
tion, and also understands why each line is drawn. 

In working over these examples several times the 
student is not only committing them to memory, but 
is at the same time becoming proficient in the handling 
of the various drawing tools. 

THE AUTHOR. 
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DRAFTINa TOOLS. 

Compasses, '[■llfs^^ as wi-ll jis iill other mstmnienta, 
should be chosen with greiit care on account of their 
variety in shape and quality. Drafting instruments are 
as a rule made of German silver and steel. The steel 
should be of the best grade and carefully tempered. 
The material used in the manufacture of some instrUr 
meuts is of so poor a quality that it neither holds its 
shape nor wears well. It is better therefore when buy- 
ing, to select instruments of high grade, and which 
are made of the best German silver and a good quality 
of steel, as the .joints are always carefully fitted and 




Ihey will withstand the constant usage of many years. 
A compass set of convenient form is shown in Fig. 1. 
It has three removable parts: the pi'ncil-point, the pen- 
point, and the lengthening-bar. There is a hinged joint 
in each leg of the compass and the socket for the re- 
movable legs is provided with a clamping screw. The 
shanks of the removable legs should be a nice fit in 
the isodkct and require scarcely any effort to remove. 
359 
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Tlipy should, Imwever, stay in the socket withont being 
held by the clamping screw. The lengthening bar is 
nsed to extend the pen or pencil-leps when drawing 
lorge circles. 




A pen and pencil compass set of smaller size, without 
detachable legs are shown in Fig. 2. these instruments 
will be found useful in many cases as a medium be- 
tween the large compasses and the spring-bow set. 
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The most important part of a pair of compasses is 
the head, which forms the hinged joint. There are two 
forms of joints: the tongue- joint, as shown in the left- 
hand view in Fig. 3, in which the head of one shank has 
II tongue, generally made of steel, which moves be- 
tween two lugs on the other shank, and the pivot joint, 
as shown in the right-hand view in Fig. 3, in which 
each shank is reduced to half its thickness at the head. 
These shanks are surrounded by a clamp or yoke, 
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which carries two cone-pointed set-screws, one in each 
side, the points of these screws working in counter- 
sinks in the yoke. The yoke is provided with a milled 
or knurled handle to manipulate the compass. The 
head joint of the compass should move freely and 
evenly throughout its entire movement, and not stiflE 
at one point and loose at another. It should also be 
tight enough in the joint to hold its adjustment when 
once set. Figure 4 shows the method of holding a 
compass, and the correct position of the fingers before 
and after describing a circle. The non-removable leg 
of the compass should carry a needle-point, that may 




Fig. 4 — Correct Manner of Holding a CompaBs. 



be easily replaced if lost or damaged, and it should 
have a shoulder to prevent the point from sinking into 
the paper beyond a certain depth. The needle-point 
should also be capable of being adjusted in or out, and 
fastened securely at any desired point, thus making 
the leg of the compass a little longer or shorter as may 
be desired. 
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The socket for the lead in the pencil-point should 
hold the lead firmly without the necessity of wedging 
it in the socket by means of paper or small pieces of 
wood. 

When first adjusting the compass for use, place the 
pen-point in the instrument and securely clamp it in 
place, firmly against the shoulder of the socket, then 
adjust the needle-point so that its point is even with 
that of the pen. When once properly adjusted thv* 
needle-point should not be changed. The needle-point 
is usually made with a cone-point at one end and a 
fine shouldered-point at the other. The cone-point 
should never be used, as it makes too large a hole in 
the drawing paper. 




Fig. 5 — Hair Spring Dividers. 



Spring Dividers. Dividers such as are shown 
in Fig. 5 are used for hiving off equal distances and for 
transferring moasurenients from one part of a draw- 
ing to another, or from one drawing to another. They 
consist of steel points set in German silver shanks 
which are hinged together. The joints of the divider^i 
should work smoothly, the legs come close together, 
and the steel points should be sharp and of the same 
length. One of the legs of the dividers has a spring 
controlled by an adjustable thumb-nut. By means of 
this device, from which the instrument gets its name, 
the adjustable leg may be moved a trifle after the 
rough or approximate adjustment of the dividers has 
been made. 
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Spring-bow Infltruments. The spring-bow dividers, 
pencil and pen, as shown in Fig. 6, are for the purpo;;;.- 
of describing small circles and laying off distances of 
very small dimensions and are very convenient for 
these purposes. Any form of spring-bow instrument?! 
with interchangeable or removable legs will be foun.l 
very unsatisfactory. The legs should be made of oin' 
piece of steel, tn which the handle is attached. Any 
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instrument in which the legs are separate pieces fast- 
I'ned to the shank are undesirable, because the parts 
are liable to become loose. The spring-bow dividers are 
used like the hair-spring dividers, for the spacing of 
distances, they have the advantage of being fixed in 
any position so that there is no liability of a change oT 
measurement by the handling of the instrument. When 
spacing distances the divider is rotated alternately 
right and left, with the forefinger on top of the handle. 
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Buling Pens. Ruling pens are of two different kinds, 
one kind with a hinge joint to allow the blades to be 
opened for cleaning and the other kind without a joint 
and made from a solid piece of steeL Two sizes of 
ruling pens with hinged joints are shown in Fig. 7. 
The joint in this style of pen should be very carefully 
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Fig. 7 — RuliDg Pens with Hinged Blade. 

made, otherwise the hinged blade will very soon be- 
come loose and render the pen useless. The best kind 
of pen for general use is the kind shown in Pig. 8, in 
which the upper blade springs open when the adjust- 
ing screw is removed from the lower blade. A pen 




Fig. 8 — Ruling Pen with Spring Blade. 



such as the one just described is to be preferred to one 
with a joint, no matter how well made it may be. 
Ruling pens with broad nibs and flat handles, as shown 
in Fig. 9, are preferred by many draftsmen, they hold 
a large quantity of ink and make a very uniform line. 
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The position in which a ruling pen should be held 
when drawing lines perpendicular to the T-square is 
shown in Fig. 10. The drawing board shonlil be placed 




BO as to permit the light to come from the upper left- 
hand comer, this position of the T-square and triangle 
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will avoid any possibility of the shadows of the T- 
sqnare blade or triangle being cast on the lines to be 
drawn. 
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Sharpening a Ruling Fen. The blades oi the pen 
shouli! be curved at the points, and elliptical in shape. 
To sharpen the pen, screw the blades together and 
then move the pen back and forth upon a fine oil-stone, 
holding it in the position it should have when in use, 
but moving it so that the points are ground to the sani? 
length, and to an elliptical form. When this form has 
been secured, draw a folded piece of the finest e 
paper two or three times between the blades, which are 




pressed together by the screw. This will remove any 
roughness from the inner surfaces of the blades, these 
surfaces should not be ground upon the oil-stone. 

When the blades are ground to the proper shape, 
they must be placed flat upon the stone and ground as 
thin as possible without giving: them a cutting edge. To 
do this, the pen should be moved back and forth and 
slightly revolved at the same time. Both blades must 
be made of equal thickness. If either blade is ground 
ton thin, it will cut the paper as would a knife, and 
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the process must be repeated from the beginning. In 
order to see the condition of the blades, they should 
be slightly separated while being brought to the proper 
thickness. 

Drafting Instruments. A leather-covered case with 
a complete set of iustruments in a velvet lined tray is 
shown ill Fig. 11. This outfit is sufficient to fulfill the 
requireim^nts of any ordinary draftsman in the way of 
instruments. 

T-Square. The length of a T-square is always meas- 
ured by the length of the blade outside of the head. 
The T-square should always be as long as the draw- 
ing board, and if possible a little longer. For the gen- 
eral run of work the head of the T-square should be of 
a single and fixed piece, that is fastened permanently 
to the blade. The head should have its upper inside 




Fig. 12 — Slanting Blade T-8quare. 

corner rabbeted, so that the guiding edge of the head 
may bo trued up when occasion demands it. A very 
convenient form of T-square is shown in Fig. 12, which 
has a slanting blade, the working edge of which is 
lined with ebony. 

More elaborate forms of T-squares are sometimes 
used, in which the head is double and one side swivels 
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ill order to draw parallel lines other than horizontal. 
The ftdjostable or swivel head ia clamped in any de- 
sired poHJtion by means of a thamb-screw. 




45 Degree TrUoBles 



Triangles or Set-Sqnares. Triangles are made of 
wood, hard rubber or transparent celluloid. The prin- 
cipal forms of triangles are sllOtt^l iu Figa, 13 and 14, 



A 



Fig. H-15 Upgree TrUngle. 

which are 60°, 45° and 15° respectively. The two 
triangles generally used by draftsmen are the 60° and 
45°. The former has anglea of 30°, 60° and 90°. The 
latter two 45° and a 90° angle. 



^ 
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Teating TrianglcB. Place the triangle on the T- 
square with the vertical edge at the right, draw a fine 
line in contact with this edge, then reverse the triangle 
and move the vertical edge towards the line. If the 
vertical edge of the triangle and the line coincide the 



m^\^^^^^\^\^'^\^^^^^'^^^\^vm 
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angle is 90°. If they do not coincide, and the vertex 
of the angle formed by the line and the vertical edge 
of the triangle is at the top, the angle is greater than 
90° by half the angle indicated. If the vertex of the 
angle is below, the angle is less than 90° by half the 
amount indicated. 



^ 






Fig. IS — Triangular Scale, 

BoalsB. The best and most convenient form of scale 
for general use is that shovra in Fig. 15. Another form 
of scale which is very commonly used is shown in Fig. 
If). The ordinary length of a scale is 12 inches, not 
counting the small portion at each end, which is undi- 
vided, and whose use is to protect the end graduations 
from injury. A scale should be used for dimensioning 
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drawings oiily, and uot used as a ruler or straight- 
edge. The measuremeiits should be taken directly 
from the scale by laying it on the drawing, and not by 
transferring the distances from the scale to the draw- 
ing by nieans of a pair of dividers. . t 




I 




Ourves. For inking in lines which are neither 
straight lines nor arcs of circles, it is necessary to us:' 
curves. They are made in a great variety of forms as 
illustrated in Fig. 17, but the f i>rm similar to that Ulua- 
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trated in Fig. 18 will be found the most useful. They 
nre made of wood, hard rubber and ueltuloid. Many 
curved lines can be inhed in by means of a compass, 
l)Ut when the radius is too great, a curve should be 
used. 

Paper. The paper must be tough and should have a 
surface which is not easily roughened by erasing lines 
drawn upon it. This is important when drawings are 
to be inked. For all mechanical work, thc^ paper should 
be hard and strong. 




Fig. IS — Uselul Form of Curve. 



For pencil drawings a paper which is not smoothly 
calendered is best, because the pencil marks more read- 
ily upon an unpolished paper, and because its surface 
will not show erasures as quickly as that of a smooth 
paper. For sketching, several kinds of paper, which 
are good enough for the work, may be obtained both 
in sheets, in block form, and also made up in blank 
books. 
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Whatman's pa[)er is the best for drawings which 
are to be inked. There are two grades, hot and cold 
pressed, suitable for this use, the cold-pressed having 
the rougher surface. If the paper is not to be stretched, 
the cold-pressed is preferable, as its surface shows 
erasures less than that of the hot-pressed. The side 
from which the water-marked name is read is the right 
side, but there is little difference between the two sides 
ui hot and cold pressed papers. Stretching the paper 
is unnecessary except when colors are to be applied by 
the brush, or when the most perfect inked drawing is 
desired. 





Fif. 19 — Correct Manner of Sharpening a PenciL 

Pencils. Lfcad pencils for drafting use are made of 
different decrees of hardness and each kind of pencil 
has its prade indicated by letters stamped on it at one 
end. The grade of pencil mostly used by draftsmen 
is 4 II, a 6 II, pencil is too hard and unless used with 
preat care will indent the paper so that the pencil 
marks cannot be erased. A 4 H pencil requires greater 
care and more frequent sharpening, but the draftsman 
will in this manner acquire a lighter touch, which is 
of much value. Drafting pencils should always be 
sharpened to a chisel or wedge-shaped point, as shown 
in Fig. 19, the finishinpf of the point should always be 
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completed with a fine file or a sand paper pencil sharp- 
ener, but never with a knife. In drawing the pencil 
yhould be held vertical, or nearly ao, the arm free from 
the body, and the flat side of the ehisel-point lightly 
touching the edge of the blade of the T-square. Al- 
ways draw from left to right, or from the bottom to the 
top of the board. 

Pencil Sharpenere. Pencil sharpeners or pointers 
are of many different kinds, from a piece of fine sand 
paper or a file to quite complicated machines. For 
ordinary use a sand paper block from which the sheets 




can be removed as soon as worn out, will be found the 
most convenient, as shown in Fig. 20. In sharpening 
a drafting pencil remove the wood from the end by 
means of a sharp knife, exposing about one-fouFth to 
three-eighths of an inch of the lead. The end of the 
lead should then be sharpened to a chisel or wedge- 
shaped point on the sand paper block. 

Pencil Erasers. A pencil eraser or rubber ahonid 
be of soft, fine-prnined rubber, free from sand or grit 
and having no tendency to glaze or smear the surface 
of the drawing paper. A pencil eraser of the kind 
shown in Fig, 21 will be found very satisfactory for 
general use. 
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Ink Erasers. Inked lines should ahvays be removed 
fioni the drawing by means of a sand-rubber, which is 
known as an ink eraser, but never by scratching the 
Biirfnce of the paper with u knife. As all drawinft 
inks dry rapidly, and should not penetrate the surface 
of the paper, the object in erasing is to remove the ink 
from the surface of the paper without injury to it. 
An ink eraser, such as shown in Fig. 22, will leave the 
surface of the drawing in yood condition to again re- 
ceive ink. 




£^-aser Guard. An eraser guard or shield, which is 
Used to protect other lines when removing an inked 
line from the surface of the drawing paper, consists of 
a thin sheet of flexible metal, usually brass, provided 
with slots and holes of various shapes and sizes. The 
shield or guard permits erasures to be made of limited 
wize without damage to the rest of the drawing. 

Drawing Ink. Blaeh drawing ink, preferably, some 
make of waterproof ink, is to be had iu liijuid form, as 
shown in Fig. 24. The liquid ink is preferable to the 
Indian or Chinese stick inks, as shown in Fig. 25, 
which take considerable time to prepare, besides neces- 
sitating fresh mixing each time the ink is used. 
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Fig, 25— Cblnese Slick BUek Drnwlng Ink, 
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Protractor. A protractor is a circular scale and is 
divided into degrees and fractions of a degree. Pro- 
tractors are made both circular and semi-circular in 
shape, the latter being the ordinary and most com- 
monly used form, as shown in Fig. 26. Protractors 
are made of paper, horn, brass, German silver and 
steel. Protractors usually have their edges bevelled 
so as to bring the divisionj on the scale close to the 
drawing paper. A semi-circular protractor is to be 




Fig. 26^0erman Silver Protractor. 

preferred for all ordinary work. A semi-circular pro- 
tractor has a straipjht edge upon w^hich the center of 
the circle is marked, so that the protractor may be 
readily applied to the point at which it is desired to 
read or lay off an angle. 

Drawing Boards. A drawing board for ordinary 
use should be about 20 by 27 inches in size. The 
material should be of first quality clear soft pine, free 
from pitch and thoroughly kiln dried. The board 
should be made of five or six strips about 4 by 27 
inches, well p^lued together and held from warping by 
two cleats on the back, as sho\\Ti in Fig. 27. 
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The working edge of the drawing board should be 
tested from time to time, as any unevenness in this 
edge will impair the accuracy of the drawing. Some 
draftsmen use the lower edge of the board when draw- 
ing long lines parallel to the working edge. This neces- 
sitates making this edge true, and the angle between 
this and the working edge exactly 90° 




Fig. 27 — Drawing Board with Cleats on Back. 



Tbomb-Tacks. Thumb-tacks are made of German 
silver or brass disks with pointed steel pins in their 
centers. The heads or disks should have very thin 
edges in order that the T-square may readily slide 
over them. 

Lettering Triangle. A triangle or set-square for lay- 
ing out lettering is shown in Fig. 28. The use of this 
triangle is plainly indicated by its name. 

Section Liners. A section liner is a device for draw- 
ing a series of parallel lines equi-distant from each 
other. One form of section liner is shown in Fig. 29. 
Its operation is as follows : Place the instrument in the 
position shown in the drawing, and rule a line along 
its vertical edge. Hold the straight-edge firmly in 
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place, and slide the triangle along it until the other 
Kidi- of the tapered edge wf the tongue pomes in L-ootact 
with the other atiid and holds it in this position, then 
iiilow the straight-edge to be drawn forward by the 
spring. Then draw a second line which will evidently 
III' jmrallel to the tirst. The tlistance between the lines 
i.-; ri'gulatod by moving the tongue in or out between 
the studs, as far as desired. 




riK. 2S — LctterlDi TrlnsgLi 



Another form of section liner is shown in Fig. 
having a horizontal instead of a vertical adjustment to 
regulate the width of the spacing. 

Be&m Compasses. A beam compass is not, as a rule, 
included in a draftsman's outfit, but every well 
equipped drafting room should have one. A beam com- 
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pass is shown in Fig. 31, with removable legs and [)eii, 
pencil and neerile-poiuts. The right-hand leg in the 




Pig. ai — Beam Compasa with P*n, Pencil »niJ N*edle- Points. 

illuBtratton has a horizontal adjustment of about one- 
half an inch, operated by the milled thumb-Dut shown. 
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Water Colors. These may be oblaineil in the form 
iif u thick paste in small porceliiiu pans, or \a thin 
paste or semi-liquid form in collapsible tubes. The 
colors in tubes are liable to get hard, in which case 
lhe>' eanuot be expelled from the tubes by pressure. 
The caps to the tubes also get stuck in place by the 
colors and aru often removed with much difficulty. For 
tha draftsman's purposes the moist colors in pans will 
be found the most satisfactory. 




,. box of moist water colors is illustrated in Fig. 
32. The colors should be kept in a bos of this kind, 
which can also be used as a palette. The box keeps nil 
dust and dirt from the colors and prevents thi'ra from 
drying out rapidly. 



Water Color Brushes. These are made from black 
or red sable and camel's hair. Black sable brushes 
are too expensive for the draftsman's ordinary use. 

The best grade of camel's hair brushes such as are 
shown in Fig. 33, will be found quite satisfactory for 
ordinary use. 
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Fig. 33— Water Col 



To ascertain whether a brush is of good quality or 
not, dip it in water until thoroughly wet, and then 
remove the water from it by a quick motion. The 
brush if of good quality should assume a convex shape, 
come to a fine point and also preserve its elasticity. 
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A line is the boundary or limit of a surface. 

A line has only one dimension, that of length. 

A point is considered as the extremity or limit of a 
line. The place where two lines intersect is also a 
point. A point has position but no dimensions. 

In practical work a point is represented by a fine 
dot. 

Lines may be either straight, broken or curved. 

A straight line is one which has the same direction 
throughout its length. 

A straight line is also called a right line. 

A straight line is usually called a line simply, and 
when the word line occurs it is to be understood as 
meaning straight line unless otherwise specified. A 
straight line is the shortest distance between two 
points. If any other path between the points were 
ehosen, the line would become curved or broken. 
Therefore two points determine the position of the 
straight line joining them. 

A broken line is one which changes direction at one 
or more points. 

A curved line is one which changes direction con- 
stantly throughout its length. The word curve is used 
to denote a curved line. 

lanes may be represented as full, dotted, dashed, oi 
dot-and-dashcd. 

:^82 



GEOMETRICAL DEFINITIONS 383 

A full line is one which is continuous throughout its 
length. 

A dotted line is one which is composed of alternate 
dots and spaces. 

A dash line is one which is composed of alternate 
dashes and spaces. 

A dot-and-dash line is one which is composed of dots, 
spaces and dashes. These may be arranged in several 
ways according to the character of the line, that is, the 
meaning it is to convey. 

Surfaces may be either plane or curved. A plane 
surface is usually called a plane. 

A plane is such a surface that if a straight line be 
applied to it in any direction, the line and the surface 
will touch each other throughout their length. 

A curved surface is one no part of which is a plane. 
Any combination of points, lines, surfaces or solids 
is termed a figure. 

A plane figure is one which has all of its points in 
the same plane. 

Plane geometry treats of figures whose points all 
lie in the same plane. 

Lines may be so situated as to be parallel or inclined 
to each other. 

ParalleKlines are those which have the same or 
opposite directions. Parallel lines are everywhere 
equally distant. Parallel lines will not meet however 
far produced. 

Inclined lines are those other than parallel. Incliuetl 
lines will always meet if produced far enough. Their 
mutual inclination forms an angle. 

The extremities of a surface are lines. 
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A plane roctUinaol angle is the inclination of two 
straight lines to one another in a plane which meet to- 
gether, bnt are not in the same straight line as in 
Fig. 34. 



Fig. 34. 



FIs. 35. 



When a straight line, standing on another straight 
line, makes the adjacent angles equal to one another, 
each of the angles is called a righX angle and the 
straight line which stands on the other is called a per- 
pendicular to it as in Fig 35. 



Fig. 36. 



An obtuBe angle is that which is greater than a right 
angle as in Fig. 36. 

An acute angle is that which is less than a right 
angle as in Fig. 34. 

A term or boundary is the extremity of anything. 
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An equilateral triangle is that which has three equal 
sides as in Fig. 37. 

An isosceles triangle is that which has two sides 
equal as in Fig. 38. 





Pig. 37. 



Pig. 38. 



A scalene triangle is that which has three unequal 
sides as in Fig. 39. 

A right angled triangle is that which has a right 
angle as in Fig. 40. 




Pig. 39. 



Pig. 40. 



An obtuse-angled triangle is that which has an ob- 
tuse angle as in Fig. 39. 

The hypothenuse in a right-angled triangle is the 
side opposite the right angle as in Fig. 40. 



386 



MECHANICAL DRAWING 



A square is that which has all its sides equai and all 
its angles right-angled as in Pig. 41. 

A rectangle is that which has all its angles right 
angles, but only its opposite sides equal as in Pig. 42. 



Pig. 41. 



Pig. 42. 



A rhombus is that which has all its sides equal, but 
its angles are not right angles as in Pig. 43. 

A quadrilateral figure which has its opposite sides 
parallel is called a parallelogram as in Pigs. 41, 42 
and 43. 

A line joining two opposite angles of a quadrilateral 
is called a diagonal. 





Fig. 43. 



Pig. 44. 



An ellipse is a plane figure bounded by one continu- 
ous curve described about two points, so that the sum 
of the distances from every point in the curve to the 
two foci may be always the same — Pig. 44. 



PBOPEBTIES OF THE OIBCLE. 

A circle contains a greater area than any other plane 
figure bounded by the same length of circumference or 
outline. 

A circle is a plane figure contained by one line and is 
such that all straight lines drawn from a point within 
the figure to the circumference are equal, and this 
point is called the center of the circle. 

A diameter of a circle is a straight line drawn 
through the center and terminated both ways by the 
circumference, as AC in Fig. 45. 




Fig. 45. 

A radius is a straight line drawn from the center to 
the circumference, as LH in Fig. 45. 

A semicircle is the figure contained by a diameter 
and that part of the circumference cut oflE by a diameter 
as AHC in Fig. 45. 
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A s^^inent of a circle is the figure contained b^ a 
straight line and the circumference which it cuts off, 
as DHE in Fig. 45. 

A sector of a circle is the figure contained by two 
straight lines drawn from the center and the circumfer- 
ence between them, as LMC in Pig. 45. 

A chord is a straight line, shorter than the diameter, 
lying within the circle, and terminated at both ends 
by the circumference as DE in Fig. 45. 

An arc of a circle is any part of the circumference as 
DHE in Fig. 45. 

The versed sine is a perpendicular joining the mid- 
dle of the chord and circumference, as 6H in Pig. 45. 







Fig. 46. 



Circumference. Multiply the diameter by 3.1416, the 
product is the circumference. 

Diameter. Multiply the circumference by .31831, 
the product is the diameter, or multiply the square 
root of the area by 1.12837, the product is the diameter. 

Area. Multiply the square of the diameter by .7854, 
the product is the area. 

Side of the square. ^lultiply the diameter by .8862, 
the product is the side of a square of equal area. 
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Diameter of circle. Multiply the side of a square by 
1.128, the product is the diameter of a circle of equal 
area. 

To find the versed sine, chord of an arc or the radius 
when any two of the three factors are given. — Vig. 46. 
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C = 2i/V(2R— V) 



R« — C« 
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To find the length of any line perpendicular to the 
chord of an arc, when the distance of the line from the 
center of the chord, the radius of the arc and the length 
of the versed sine are given — ^Fig. 47. 




Pig. 47. 



N=i/(R« — X«)— (R — H 



R = 



C«-h4V» 
8V 



C = 2i/V(2R — V) 
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To find the diameter of a cirde when the dunrd and 
▼ened line of the arc are given. 

DQ«-hGlP 

^^^ GH 

To find the length of any arc of a circle, when the 
chord of the whole arc and the diord of half the arc are 
given— Fig. 48. 



Arc DHE = 5 

FlC 48. 

A Tangent is a straight line which touches the cir- 
cumference but does not intersect it. The point where 
the tangent touches the circle is called the Point of 
Tangency. 

Two Circumferences are tangent to each other when 
they an* tan^^eiit to a straight line at the same point. 

A Secant is a straight line which intersects the cir- 
cumference in two points. 

A Polygon is inscribed in a circle when all of its 
sides are chords of the circle. 

A Polygon is circumscribed about a circle when all 
of its sides are tangent to the circle, and a circle is 
clrciiniseribed about a polygon when the circumference 
passes through all the vertices of the polygon. 



' '5. 



DEFINITION OF POLYGONS. 

A polygon, if its sides are equal, is called a regular 
polygon, if unequal, an irregular polygon. 
A pentagon is a five-sided figure. 
A hexagon is a six-sided figure— Fig. 49. 
A heptagon is a seven-sided figure. 
An octagon is an eight-sided figure. 





Fig. 49 — Hexagon. 

A nonagon is a nine-sided figure. 

A decagon is a ten-sided figure. 

A unadecagon is an eleven-sided figure. 

A duodecagon is a twelve-sided figure. 

GEOMETRICAL DEFINITION OF SOLIDS. 

A solid has length, breadth and thickness. The 
boundaries of a solid are surfaces. 

A solid angle is that which is made by two or more 
plane angles, which are not in the same plane, meeting 
at one point. 
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A cube IB a solid figure eontaiiie,! by six equal 
squares — Fig. 50. 

A prism is a solid figure contained by plane figures 
of which two tliat are opposite are equal, similar, and 
p:;rallel to oni; another, the other aides are parallelo- 
jiram^— Fig. 51. 




A pyramid is a solid figure contained by planes, one 
of whieh is the base, and the remainder are triangles, 
whose vertices meet a point about the base, called the 
vertex or apex of the pyramid — Fig 52 



Fig. 52— PyraniirJ. 




A cylinder is a solid figure described by the revolu- 
tion of a rectangular or parallelograr.: about one of its 
sides — Fig. 53. 
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The azisi of a cylinder is the fixed straight line about 
which the parallelogram revolves. 

The ends of a cylinder are the circles described by 
the two revolving sides of the parallelogram. 

A sphere is a solid figure described by the revolution 
of a semicircle about its diameter, which remains 
fixed— Fig. 54. 

The axis of a sphere is the fixed straight line about 
which the semicircle revolves. 





Fig. 54 — Sphere. 



Fig. 55 — Cone. 



The center of a sphere is the same as that of the 
semicircle. 

The diameter of a sphere is any straight line which 
passes through the center and is terminated both ways 
by the surface of the sphere. 

A cone is a solid figure described by the revolution 
of a right-angled triangle about one of its sides con- 
taining the right angle, which side remains fixed — 
Fig. 55. 

The axis of a cone is the circle described by that side 
of the triangle containing the right angle which re- 
volves. 



»l 
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The baie of the cone is the circle described by that 
side of the triangle containing the right angle which 
revolves. 

j If a cone be cut obliquely so as to preserve the base 

' entirely, the section is an ellipM. 

When a cone is cut by a plane parallel to one of 
sloping sides, the section is a parabolai if cat at right 
angles to its base, an IqrperboUu 



MEOHANIOAL DRAWINO. 

While many draftsmen are familiar with all of the 
problems given in this section of the work, it is not to 
be expected that all draftsmen or students are thor- 
oughly conversant with all of them, and it is, intended 
that this section of the work shall be used not only as 
reference data but for practical examples of element- 
ary mechanical drawing. If the different problems 
given in this section are drawn with great accuracy, 
the technical skill acquired in drawing and proper 
handling of the different instruments will be found to 
be of great value. It will not be necessary to ink in 
these simple geometrical problems, as it is better to ac- 
quire precision or accuracy in pencil work before going 
further. These problems are believed to be an essen- 
tial part of a work on mechanical drawing. To under- 
stand geometry certain qualities of mind are absolutely 
necessary, and many persons find it impossible to grasp 
even the simple problems of this study. The drafts- 
man or student who is without practical knowledge of 
geometry is very poorly equipped for his duties. 
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THE OONBTKVOTION OF ANGLES. 

To biiect a given angle. Let DAC be the given an- 
gle. With center A and any radius AE describe an arc 
cutting AC and AD at E and 6. With the same radius 
and centers E and G, describe arcs intersecting at H, 
and join AH. The angle DAC is bisected— Pig. 56. 





To oonstruct an angle of 30''. With radius A£ and 
with center A and E, describes arcs intersecting at G. 
With the same radius and with centers E and G, de- 
scribe arcs intersecting at D, and join AD. The angle 
DAC contains 30*^— Fig. 57. 

To oonstruct an angle of 80°. With radius AE, and 
with centers A and E, describe arcs intersecting at G, 
draw AD through G. The angle DAG contains 60° — 
Pig. 58. 
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To oonstract an angle of 45''. With radius AE and 
centers A and E, describe arcs intersecting at F, draw 
EG through F, and make FG equal to FB. Join GR, 
and with center R and radius AE make AH equal to 





AE, with the same radius and with centers E and H 
describe arcs intersecting at L, draw AD through L. 
The angle DAC is 45**— Fig. 59. 




'% 



V 



c* c 

Fig. 60. 

To oonstmot an angle of 90''. With radius AE and 
centers A and E, describe arcs intersecting at F, with 
the same radius and center F describe the arc AGD, 
with radius AB, lay oflP AG and GD and join DA. The 
angle DAG is 90**— Fig 60. 



il- 
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To bisect a straight line— Fig 61. Let BC be the 

straight line to be bisected. With any convenient ra- 
dius greater than AB or AC describe arcs cutting each 
other at D and E. A line drawn through D and E will 
bisect or divide the line BC into two equal parts. 



)CD 



Fig. 61. 




To erect a perpendicular line at or near the end of a 
straight line — Fig. 62. With any convenient radius 
and at any distance from the line AC, describe an arc 
of a circle as ACE, cnttinor the line at A and C. 




Through the center R of the circle draw the line ARE, 
catting the are at point E. A line drawn from C to E 
will be the required perpendicular. 

To divide a straight line into any number of equal 
parts— Fig. 63. Let AB be the straight line to be di- 
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vided into a certain number of equal parts: Prom the 
points A and B, draw two, parallel lines AD and BC, 
at any convenient angle with the line AB. Upon AD 
and BC set off one less than the number of equal parts 
required, as A-1, 1-2, 2.D, etc. Join C-1, 2-2, 1-D, the 
line AB will then be divided into the required number 
of equal parts. 




Fig. 64. 



To find the length of an arc of a circle— Fig. 64. Di- 
vide the chord AC of the arc into four equal parts as 
shown. With the radius AD equal to one-fourth of the 




Fig. 65. 

chord of the arc and with A as the center describe the 
arc DE. Draw the line EG and twice its length will 
be the length of the arc AEC. 

To draw radial lines from the drcamference of a 
circle when the center is inaccessible — Tig. 65. Divide 
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the circumference into any desireii number of parts as 
AB, BC, CD, DE. Then with a radius greater than 
the length of one part, describe arcs cutting each other 
. aa A-2, C-2, B-3, D-3, etc., also B-1, D-5. Describe the 
end arcs A-1, E-5 with a radius equal to B-2. Lines 
joining A-1, B-2, C-3, D-4 and E-5 will all be radial. 




To inscribe any regtilar polygon in a circle — Fig. 66. 
Divide the diameter AB of the circle into as many 
equal parts as the polygon is to have sides. With the 
points A and B as centers and radius AB, describe arcs 
cutting each other at 0. Draw the line CE througrh 
the second point of division of the diameter of AB, in- 
tersecting the circumference of the circle D. A line 
drawn from B to D is one of the sides of the polygon. 
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To out a beam of the strongest shape from a circular 
section — ^Pig 67. Divide any diameter CB of the cir- 
cle into three equal parts as CP, FE and EB. At E 
and P erect perpendiculars BA and PD on opposite 
sides of the diameter CB. Join AB, BD, DC and CF. 
The rectangle ABCD will be the required shape of 
the beam. 




Pig. 67. 



Fig. 68. 



To divide any triangle into two parts of equal area- 
Fig. 68. Let ABC be the given triangle: Bisect one 
of its sides AB at D and describe the semicircle AEB. 
At D erect the perpendicular DE and with center B 
and radius BE describe the arc EP which intersects 
the line AB at P. At F draw the line AG parallel at 
AC, this divides the triangle into two parts of equal 
area. 

To inscribe a circle of the greatest possible diameter 
in a given triangle — Fig. 69. Bisect the angles A and 
B, and draw the lines, AD, RD which intersect each 
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other at D. From D draw the line CD perpendicular 
to AB. Then CB will be the radius of the required 
circle CEP. 

To construct a square equal In area to a given circle 
— Pig. 70. Let ACBD be the given circle : Draw the 
diameters AB and CD at right angles to each other, 




Fig. 69. 



Fig. 70. 



then bisect the half diameter or radius DB at E and 
draw the line PL, parallel to BA. At the points C and 
P erect the perpendiculars CH and PG, equal in length 
to CP. Join HG, then CPGH is the required square. 
The dotted line PL is equal to one-fourth the circle 
ACBD. 
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To ooDStnict a rectangle of the greatest posliible area 
in a given triangle— Fig. 71. Let ABC be the given 
triangle: Bisect the sides AB and BC at G and D.' 
Draw the line GD and from the points G and D, draw 
the lines GF and DE perpendicular to GD, then EFGD 
is the required rectangle. 




To construct a rectangle equal in area to a given 
triangle— Fig. 72. Let ABC be the given triangle: 
Bisect the base AB of the triangle at D and erect the 







^ 


c 


F 




A 


A 


C 
Fig. 


72. 




B 



perpendiculars DE and BP at D and B. Through C 
draw the line ECF intersecting the perpendiculars DE 
and B at E and P. Then BDEP is the required rec- 
tangle. 
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To construct a txiaogle equal in area to a pven paral- 
lelogram — Fig. 73. Let ABCD be tLe given paral- 
lelogram: Produce the line AB at B and make BE 
eijual to AB. Join the points A and C and ACE will 
be the triangle required. 




To inscribe a square witliin a given circle — Tig. 74. 
Let ADBC be tlip given eirele: Draw the diameters 
AB and CD at risht angles to each other. Join AD, DB 
and CA, then ACBD is the inscribed si|uare. 



\ c 



To describe a square without a given circle — Fig. 75. 
Draw the diameters AB and CD at right angles to each 
other. Through A and B draw the lines EF and GH, 
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parallel to CD, also draw the lines EG and ¥B through 
the points C and D and parallel to AB, this completes 
the reciuirL'd square EFGII. 

To construct an octagon in a given square— Pig. 76. 
Let ABCD be the given sciuarc: Draw the diagonal 
lines AC and BD, which intersect each other at the 
point O. With a radius equal to AO or OC, describe 
Ihe ares EF, GH, IK and L.M. Connect the points EK, 
LG, FI and HM, then GFIHMKEL is the required 
octagon. 




To construct a circle equal ia area to two given cir- 
cles—Fig. 77. Let AB and AC equal the diameters of 
1lie given circles: Erect AC at A and at right ansrles 
to AB. Connect B and C, then bisect the line BC at D 
and describe the circle ACB which is the circle re- 
quired and is equal in area to the two given circles. 

To describe an octagon about a given circle — Tig. 
78. Let ACBD be the given circle: Draw the diame- 
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ters AB and CD at right augles to each other. With any 
convenient radius and centers A, C, B and D describe 
arcs intersecting each other at E, H, P and G. Join 
EF and GH which form two additional diameters. At 
the points AB and CD draw the lines KL, PR, MN and 
8T, parallel with the diameters CD and AB respect- 
ively. At the points of intersection of the circumfer- 
ence of the circle by the lines EF and GH, draw the 
lines KP, RM, XT and SL parallel with the lines EF 
and HG respectively, then PRMNTSLK is the required 
octagon. 




To draw a straight line equal in length to a given 
portion of the circumference of a circle — Pig. 79. - Let 
ACBD be the y:iven circle: Draw the diameters AB 
and CD at ri«;ht angles with each other. Divide the 
radius RB into four equal parts. Produce the diameter 
AB and B and make BE equal to thr^e of the four 
parts of RB. At A draw the line AF parallel to CD 
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and then draw the lioe ECF which is to one-fourth of 
the circumference of the circle ACBD. If lines be 
drawn from E through points in the circumference of 
the circle as 1 and 2, meeting the line AF and G and 
H. then C-1, 1-2 and 2-A will equal FU, OH and HA 
respectively. 




To construct a square equal in area to two given 
squares—Fig. 80. Let AC and AD be the length of the 
sides of the given squares: Make AD perpendicular 
to AC and connect DC, then DC is one of the sides of 
the square DCEG which is equal to the two given 
squares. 

To inscribe a hexagon in a given circle— Fig. 81. 
Draw a diameter of the circle as AB; With centers 
A and B and radius AC or BO, describe arcs cutting 
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the circumference of the circle at D, E, P and G. Join 
EP, FB, BG, GD, DA and AE, this gives the required 
hexagon. 




Fig. 81. 



To describe a cycloid, the diameter of the generating 
drde being* given— Fig 82. Let BD be the generating 
circle: Draw the line ABC equal in length to the cir- 




Fig. 82. 



cumference of the generating circle. Divide the cir- 
cumference of the generating circle into 12 parts as 
shown. Draw lines from the points of division 1, 2, 3, 
etc., of the circumference of the generating circle par- 
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atlel to the line ABC and on both sides of the circle. 
Lay off one division of the generating circle on the 
lines 5 and 7, two divisions on the lines 4 and 8, three 
divisions on the lines 3 and 9, four divisions on the 
lines 2 and 10, and five divisions on the lines 1 and 11. 
A line traced through the points thus obtained will be 
the cycloid curve required. 




rig. 83. 
To develop a spiral with uniform spacing — Fig. 83. 
Divide the line BE into as many equal parts as there 
are required turns in the spiral. Then subdivide one 
of these spaces into four equal parts. Produce the 
line BE to 4, making the extension E-4 equal to two 
of the subdivisions. At 1 draw the line 1-D, lay off 
1-2 equal to one of the subdivisions. At 2 draw 2-A 
perpendicular to 1-D and at 3 in 2-A draw 3-C, etc. 
With center 1 and radius 1-B describe the arc BD with 
center 2 and radius 2-D describe the arc DA, with cen- 
ter 3 and radius 3-A, etc., until the spiral is completed. 
If carefully laid out the spiral should terminate at £ 
as shown in the drawing. 



MAKING BLUE PRINTS. 

To make good blue prints, being guided only by the 
appearance of the exposed edge of sensitized paper, 
requires considerable experience. Very often, espe- 
cially on a cloudy day, the edge looks just about right, 
but when taken out of the frame and given a rinsing, 
it is only to find that the print looks pale because it 
should have been allowed to remain expose for a 
longer period. 

Take a small test-piece of the same paper, about 4 
inches square, and a piece of tracing cloth with several 
lines on its surface and lay these small pieces out at 
the same time the real print is being exposed, and cover 
these samples with a piece of glass about 4 inches square. 
As a general rule, a place can be found on top of the 
frame for the testing-piece, and by having a small dish 
of water at hand for testing the print by tearing oflf a 
small bit and washing same to note its appearance, the 
novice can get just as good results as the experienced 
hand and without much danger of failure. 

When several prints are to be made the second one 
may be placed into the frame while the first one is soak- 
ing, when the print is properly soaked, say about ten 
minutes, lift it slowly out of the water by grasping t^o 
of its opposite corners; immerse again and pull out as 
before. This is to be continued until the paper does 
not change to a deeper blue color. Hang the paper on 
the rack by two of its corners to dry. In case any spots 
appear it is an indication that the prints were not prop- 
erly washed. 
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^hen corrections or additions are to be made to a 
blue print a special chemical preparation must be used 
to make white lines. A solution of bicarbonate of soda 
and water is generally used for this purpose. When 
white lines or figiu-es are to be obliterated a blue pencil 
may be used to cover same. 

The solution used for ordinary blue printing is made 
according to the following receipt ; 

One ounce of red prussiate of potash dissolved in 5 
ounces of water. 

One ounce of citrate of iron and ammonia dissolved 
in 5 ounces of water. 

Keep the solution separate in dark colored bottles in 
a dark place not exposed to the light. To prepare the 
paper, mix equal portions of the two solutions and be 
careful that the mixtures are not longer exposed to the 
light than is necessary to see by. It is, therefore, a 
necessity to perform this work in a dark room, provided 
with a trough of some kind to hold water, this should 
be larger than the blue print and from six to eight 
inches deep, a flat board should be provided to cover 
this trough, there should also be an arrangement like 
a towel rack to hang the paper on while drj-ing. The 
sheets should be cut in ^juch a manner as to be a little 
larger than the tracing, in order to leave an edge around 
it when the tracing is placed upon it. From ten to 
twelve sheets are placed upon a flat board, care must be 
taken to spread them flat one above another, so that the 
edges are all even. The sheets should be secured to the 
board by a small nail through the two upper corners, 
strong enough to hold the weight of the sheets when 
the board is placed vertically. 

Place the board on the edges of the trough with one 
edge against the wall and the board somewhat inclined. 
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only as much light as is absolutely required should be 
obtained from a lamp or gas jet turned down very low. 
The solution referred to above should be applied evenly 
with a wide brush or a fine sponge over the top sheet 
of paper. When the top sheet is finished remove it 
from the board by pulling at the bottom of same and 
tearing it from the nail which holds it^ place the sheet 
in a drawer where it can lie flat and where it cannot 
be reached by the light. 

Treat the remaining sheets in the same way as the 
first one. 
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Brushes and commutators 
Bniah system 
Buck stays 
Bucket speed 
Bursting pressure 
Bursted flue 
Buying; an engine 

By-pas8, Dukeamlth straight air control, 
structlon of 



CalculatlDK strength of stayed surfaces 

Calculation of wires 

Calorimeter 

Capacity of Cylinders and Auxiliaries 
Carbon; 

heating value of one pound 

monoxide 
Carbureters: 

float feed 
Car control valve: 

Dukesmlth, functions of 

operalloD of 

and release signal 
Car dlsrharee valve. New York 
Car levers, method of designing 
Cavity D In West! ngho use brake 
Chamber D, New York brake valve 
Channel bar 
Check valves, swing 
Chimney draft 
Circulating system 
Cleaning: 

compressor 

fires 

fluee 
Clearance: 

theoretical 

Inside 

meaning of 

Piston 

mechanical 
Clearance: 

piston 
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Clutch troubiM 1 

Coal: 

COmpOBltlOD of I 

factors required for economical burning 1 

amount of energy In one pound of 1 

quantity of air required for combustion of 1 

Coal: 

composition of VI 

consumption of VI 

dry VI 

beating value of one pound VI 

method of ascertaining cost Tl 

moisture In VI 

Coal, analysis of 

Coal, moisture in 

Cocks: 

asbestos itacked , '\ 

Itauge VI 

hydrometer Vl 

Combined : 

automatic and straight air valve New York 

release and retaining valve 

straight air and automatic brake valve, 

WeatlnghouBe 
Htrajgh jHir flod automatic engine brake, 
WeHUnehoiiae and New York 
Combustible, weight of VI 

Combustion ; 

VI 
rate of VI 

Combustion chambers \ 

Commutator, care of II 

Commutators V 

Comparison : 

of gas iind ateani engines \ 

pf horlf^ontal and vertical engines \ 

of two and four-cycle gae engines \ 

CumpHratlve action of triple valve 
CcmjjenHatJng valve. New York high speed 

Conijiosltlon of matter 

Com loiind locomotive: 

economy of 1 

problems pertaining to I 

types of I 

lis lanced I 

tandem I 

Vauclain I 
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dflfltiltion of 
Compression: 

advantages of 

Instant of 

meaning at 

advantages ot 
Compress Eon system of refrigeration 
Compressor: 

axle driven 

axle driven, capacity of 

defects in, bow to detect 

falls to pump 

operation of 

when to clean 

working slow, cause of 
Compound and cross^ompound mglnea 
Concaves, the 
Condensation : 

Cylinder 
Condenser : 

advantages In use of 

for steam turbines 

Jet 

surface 
Condenser: 

Jet 

pressure 

siphon 

surface 

water required per horse power per b 
Condensing and non-condensing engines 
Conductor's valve: 

function of 

operation of 
Connecting boiler to main header 
Connecting rods of gas and oil eoglaee 
Connecting steam gauge 
Constant-potentinl: 

dynamos 

swltcbboard 
Control vah-e, Dukesralth Straight air 
Conveyor ei tens Ion 
Constunt -current systems: 

wires 

series arc lampa 
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CooBtant-current systems — continued: 
Incandescent lamiie In series 
automatic cut-outs 
fuses and circuit-breakers 
switches 
electric heaters 

Corliss engine, the 

Corliss valves 

Corliss valve gear 

Corrosion: 

cause o( 

prevention oT 
Coulomb, the 
■Coil liter pressure 
Coiipllnes and thrust bearings 
Co\e mechunlcul stoker 
-Crank-shatt 

and Journals 

of gas and oil engines 
Cross compound locomotive: 

ScheDectiidy 
Crow foot brace 

bars 

bolU 

sheet 
Crown, bars and bolts: 

sheets and methods of staying 
Curtis steam turbine 

action of steam In 

efficiency of 

expanding nozzles of 

guide bearings of 

lubrication of 

ratio of expansion In four stage 

stationary blades, function of 
Curves: 

adlabatlc 

compression 

expansion 

Isothermal 

theoretical expansion 

adtabatlc 
Isothermal 
expansion 
theoretical expansion 
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adlabattc ' 

expansion ' 

ieotbermal 
Current generation In dfnamoG 
Cut off: 

bow to equalize 

adjustable 

fixed 

laetant of ' 

Cut-off: 

adiustable 

at bait stroke 

automatic 

equalizing 

flKed 

o( elide Talve 
Cut-out. settlDg the 
Cut-out cock. Dukeamltb emergency 
Cycles of gas and oil engines 
Cylinder : 

clearance 

condensation 

cocks, pneumatic 
Cylinder cofka 

Manrork [ineuniatlc 

Meh [.Lvssilre 

iPstiiiK iiiukine on 
Cylinders, New York pump, diameter of V, 

Cylinder, tho VI, 

Dampers, 11, 

Dash pot 1, 

Dead center: VII, 

how to find II, 

Dampers, funnel VII, 

Defective air brakes, cost of V, 
Detects: 

New York air brake equipment V, 

of air gauge V, 

of eight-Inch Wpstinghouse pump V, 

of pump Bovernor, WeBlinghouee V, 

WestlnKhmi^r' air brake V, 

WestlnKliriiisi' engineer's brake valve V, 

WeslinirlKnisc equipment V. 
WcBtinehniisi- nine and one-halMnch pump V. 

whistle algoal system, Weattnghouse V, 
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^H DeSnltlon of polygone 
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VII, 


391 


^^1 De LaVersae ice machiae 


I, 


444 


^^1 characterlBtlcB of 


I. 


144 


^^m method of seallae etufflng boK 




444-445 


^^1 valves 


I, 


445 


^H diagram trom 


I. 


449 


^H Description of the gas or gaaolina engine 


VI. 


146 


^H Design of gas or oil englnea 


VI. 


267 


^M Detroit Lubricator: 


11, 


407 


^M ■ triple reed 


n. 


409 


^M four feed 


n. 


409-410 


^H operation 


11. 


407-4ia 


^H Diagram: 






^H characterlatica ol 


VII, 


29& 


^1 details of 


VII, 


2Se-2S6 


^^B metliod of taking 


VII. 


284-2S5 


^H friction 


i. 


260 


^^1 from Atlas riding cut-off engine 


I, 


218 


^^B from Bates verliciil CorllBB engine 


I. 


Z09-212 


^^H trom Bnclieye engine 


1,216- 


18-226-227 


^^H from Bullock horizontal Corliss engine 


I. 


213-216 


^^H from Corliss centennial engine 


I, 


232-23S 




I, 


219-320 


^H from FishklU Corliss coadensing engine 




222-224 


from Hamilton-Corliss engine 


1. 


235-236 


from vertical slide valve engine 


1. 


224-2SB 


showing lines and curves 


I, 


207 


Diameters: 






of cylinders and auxiliaries 


V. 


366 


of rivets 


1. 


299-300 


of steam cylinders, New York pump 


V. 


296 


rule for squaring 


V, 


363 


Diaphragm : 






function of 


II. 


100 


how to adjust 


II. 


101-103 


proper angle of 


11, 


103-105 


opening under 


n. 


103-104 


plate of 


II. 


104-105 


Different kinds of brakes In use 


V, 


386 


Direct-connected power units 


iir. 


439 


Direct drive motors, small 


III, 


430 


Discharge valve, leaky, test for 


V, 


204 




II. 


4 S 2-48 4 


Dished heads 


I. 


325 


Distillers 


VII, 


25S-254 


Distributing valve, Westlnghousa 


V, 


141 


Divided circuits 


111, 


17 


Dome, bracing 


I, 


24 


Domes, purpose of 


I. 


43 


^^1 


■ 
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Double: 






check valTe 


V, 


157-307 


crowfoot brace 


I. 


318 


heading cut-out cock 


V, 


319 


riveted butt joints 


I, 299-303-306 


riveted lap joints 


I, 300-305-306 


Draft gauge 


I. 


125 


Drafting tools 


VII, 


359 


Draught: 


VII, 


19 


artificial 


VII, 


19-122 


essentials for 


VII, 


150 


forced 


VII, 


122-124 


measuring 


VII, 


150-151 


natural 


VII 


19-122 


systems 


VII 


131-132 


gauge 


VII, 


150 


DrifUng 


II, 


300-329 


Drill presses 


IV, 


272 


Driver brake: 






control system, Dukesmith 


V, 


314 


control valve, Dukesmith 


V, 


313 


outside equalized 


V. 


368 


Dry pipe: 


VII, 


112 


material for 


III, 


85-86 


Dukesmith: 






air brake control sjrstem, parts and their 




duties 


V, 


312 


air brake equipmoBt 


V, 


321 


engineer's automatic brake valve 


V, 


312 


straight air control system 


V, 


314 


straight air control valve 


V, 


313 


Duplex: 






air pump. New York 


V, 


221 


gauge 


II. 


393-394 


power pumps 


I, 


511 


pump governor 


V, 


144 


pump, how to operate with one 


water 




piston disabled 


I. 


82-83 


pump, how to set valves of 


I. 


81-82 


Dynamics 


I. 


195 




VII, 


291 


Dynamos, for marine service 


VII, 


260-264 


Eccentric: 






adjustment 


I. 


156-161 


definition of 


I. 


400 


position of 


1, 138-139-201 


rod, length of 


I, 


153-154 


throw 


I. 


201 
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Bccentrlc: 

what it U 
throw of 
blades 

rods, length of 

position of, oa drlTlnf! axle 

how secured to driving axle 

description of 

position 

throw of 
BcODomical use of oil 
Economizers 
Economy In fuel 

Economy In running a farm engine 
Efflclency: 

test 

of dynamos and motors, testing 

of double riveted lap Joint 

of double riveted butt Joint 

of triple riveted butt Joint 

of <)Liudni|>le riveted butt Joint 

of Westingbo use- Parsons steam turbine 

of Curds steam turbine 

of DeLaval steam turbine 

of plant 

of gas or oil engines 

steam 
Blght-lnch pump. WeBtlnghouae parts of 
Ejector, ash 

Electric automobile motors 
Electric automobile motor troubles 
Electric compressors 
Electric current, the 
Electric headlight: 

Edwards 

vertical beam 

translucent Hhade 

turbine engine 

dynamo 

method of application 

operation 
Electric lighting: 

arc lamps 

meters 

transformers 

motors 
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Blectric lighting — continued: 






generators 


III, 


401 


single phase alternator 


III. 


409 


compensator 


Ill, 


410 


switchboards 


III. 


412 


ground detectors 


HI. 


416 


storage batteries 


Ill, 


420 


testing 


III, 


421 


Electric light outfits 


VI. 


253 


Electrical ignition 


VI. 


216 


Electricity 


IV. 


159 


Electric traction car brakes 


V. 


385 


Electrolysis 


Ill, 


199 


Emergency action: 






New York triple 


V. 


276 


undesired. Westinghouse 


V. 


202 


Westinghouse quick action triple explained V, 


62 


Emergency application 


V. 


399 


Emergency position: 






on Westinghouse brake valve described 


V. 


130 


Westinghouse automatic reducing valve 


V. 


161 


Energy: 


VI. 


303 


in one pound of coal 


I, 


102 


how it is lost 


VI, 


119 


Engine: 






changing of speed 


I, 


287-288 


compound 


I, 


268 


compound, distribution of steam in cylin- 




ders 


I. 


221-222 


control. Westinghouse 


V. 


141 


Corliss 


I, 


168 


efficiency of 


I. 


196-197 


four valve 


I. 


167-159 


how to place on center 


I, 


160-153 


keying up 


I, 


281-282 


operation of 


I. 


266-288 


steam consumption of 


1. 198-236-238-242 


single valve 


I. 


134 


automatic 


VII. 


294 


classes of 


VII. 


173-178 


four-valve 


VII. 


185 


marine 


VII, 


192 


variable cut-off 


VI. 


294 


knocking, causes of an 


VI. 


79 


simple steam 


VI. 


32 


Engineer's brake valve, function of 


V, 


19 


Equalization of pressure: 


V. 


336 


average idea of 


V. 


16 


rule for computing 


V, 


363 
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Equal Ulng lem- 

Equallzfng of praasurefl lo mnsinc poaitlon, 

WestlnsbouH brake valve^ came tS 
Bqulvalent evaporation 
Equipment, parts of 
Evaporation: 

Equivalent 1 

Factor of 

of water 

factor of 

Evaporatora, for marine aervlce 
Evaporation tAsts: 

apparatus for 

data for 

duration of 

method of conducting 

objects of 

Preparing for 
Bsamlnatlon questions on air brake bandllag, 

brake power, leverage, etc. 
Bxceaa preeaure: 

New York valve 

New York brake valve, bow secured 

purpose of 
Excess pressure valve: 

New York brake valve, purpoee of 

New York, bow to regulate 
Exbaust: 

heater 

Injector 

cramped 

line 

valve, Dukesmlth automatic 
BzbauBt. closure of: 

wby It creates draugbt 
Bihauat Jet: 

(TOKB section of 

coDLact with Stack 

efficiency of 

pressures In center of 
Exhaust tionzlcB 

bush in gb for 

adjustable 

automaticnlty regulated 

area of 

De Lancy 

Canby 
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Til. 


152 


I, 


128-129 


VII, 


263-254 


Til, 


HI 


Til, 


143 


Til, 


148 


Til, 


141 


VII, 


140 


Til, 


146-147 
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Exhaust Htsnd: 
height of 
partition la 

BxhauBt Bteam, diapoool of V 

Bzhaust, the ^ 

EsDanelon: V 

advantages of V 

curse y 

Joint V 

rate of V 

ratio of V 

Expansion and condeosation > 

Expansion curve 

EzplOBlve charge In combustion chamb«r, 

proper 1 

Bxtra-hlgh potential systema: 

primary wires * 

secondary wires I 



Factor of: 

evaporation ' 

safety 1 

Failure of automatic lap featur«, New York brake 

valre, causes of ^ 

Failure to releaae brakes, cause of 

Fan, the 

Feed groove in triple, function of 
Feed pipes 
Feed valve: 

old style 

slide valve 

pumpa 

belt driveo 

best water valvea for 

double acting 



VI, 



aelei'tloii of 


1 


4S-G0 


setting steam valves of duplex pump 


I.' 


81-82 


Feed water: 






average temperature of 


VII, 


146-146 


heaters 


VII, 


247-24g 


how auiipiled to boiler 


Til, 


139 


stoppage of supply 


VII, 


140 


heating by exhaust steam 


I, 


283-28S 


proper supply of 


I, 


74-7B 


quantity required 


I, 


49-51 


temperature of 


I, 


43 


what to do if supply Is cut oB 


I, 


75 



PMd wRt«r hMtar: 
c&pacltr 9t 

ClOMd 

Monomjr of 



brick lining 

box, doBcrlption <d 

cleaning 

main 

tool! 



VU, 
I, 

VII, 



Firing: 

eonomioal VI, 

hand VII, 

proper method of I, 

with atraw VI, 

with wood VI, 

Fireman, dutlee of II, 

Fire, proper depth to canT 

Firing, best method of 

First law of motion 

First law of tbermo^mamiei 

Fixed cut-off 

Flexible coupling 

Flexible shaft 

Floating fulcrum 

Floating Journal i, 

Fluea, leaky VI, 

Flywheels TI, 

Framing I, 

Foot pound VII, 

Force VII, 

Force, definition of 1, 

Formula: 

for nscertalnlDg friction loss in water pipes I. 
for <l«creat)i&e speed of engine I, 

for liouble riveting I, 

for efficiency of boiler I, 

for e^itlmatlDg quantity of condensing water I. 
for finding bursting pressure I, 

for Unding heating surface I, 

for increasing speed of engine I, 

for per cent of saving by use of exhaust heat- 



for single riveting 
Foundations 

Four-cyfle engine, operation of 
Freight trains, method of handling 
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II. 
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191-19B 
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194 
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Freeslng mixtnreB 
PrlcUon: 

ClUtCbflB 

driTM 

In ateam turbines 

of water In pipes 
Fuels 

Fuel consumption of gas and oil engines 
Fuel oil pump and heater 
Pull release position, WeetlngbouM brake ralTe 
Funnel cover 

Funnel etaye ^ 

Furnace, 

corrugated ' 

petroleum 

temperature of ^ 

t«mperature 
Poses and circuit breafcera 
Fusible plugs 



Galvanic action: 

cause of 

prevention of 
Oas and gasoline engines 
Qaees, eacaplog 
Gaseous ammoula: 

liquefaction of 

condensation of 

compression of 
Oaa furnaces 
Gasoline 
Gasoline engine when It does not work i 

do 
Gasoline motors: 

construction 

speed of 

types of 
Gasoline not dangerous 
Gasoline traction engine 
Gauge: 

cock 

air 

pressure 

draft 

steam, connecting 

vacuum 
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Gear: 

cutting machln«a 

diametral pltcb srstam «t 

differentliil 

Internal-eplcycilc 

roverBlDS 

runniog 

Bpeed-change 
GeneratloD of steam 
Generators 
Geometrical: 

definitions of plane Bguraa 

detlaltlon of solids 

problems 
Good feeder, bow to become a 
Governor: 

adjustment of 

Curtis, steam turbine 

Dunlop'B 

inertia 

Isochronal 

marine 

object of 

principle of 

shaft 

throttling 
GovernorB: 

automatic cut-off 



204^205 
204-295 



Ne\ 



pun 



., fiin( 



3 of 



isochronal 

New York pump 

pump. Weatingbouse, action of 

throttling 
Oraduatlng valve: 

action of 

funftlon of 
Grate-bars : 

dimensions of 

types of 
Grates: 

rocking and shaking 

equare feet of surface required 

when to shake 
Grate-surface: 
and fuel 
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length and width of 




32 


ratio of to heating surface 




38 


ratio of to safety ralye area 




39-40 


square feet of 




121 


grease filters 


VII 


249 


gridiron valye 




157 


grinding machines 


IV 


308 


gusset stays 


I 


314 


Hancock: 






boiler washer 


II 


423-425 


inspirator 


II 


376 


hose strainer 


II 


425 


pneumatic cylinder cocks 


II 


421-423 


Hand firing: 


I 


95 




VII 


130 


disadvantages of 


VII 


156 


hand holes, reinforcing 


I 


24 


Handling: 






brake valve 


V 


398 


freight trains with automatic brakes 


V 


340 


heavy passenger trains with two 


applica- 




tions 


V 


340 


of freight trains 


V 


345 


trains on heavy grades 


V 


350 


Heat: 






a form of energy 




96 


external work of 




108 


how it is distdbuted 


VI 


120 


intensity of 




95 


internal work of 




108 


latent 




102-103 


mechanical equivalent of 




99 


nature of 




, 424-425-426 


abstraction of from various bodies 




424-427 


waste of 




423 


original source of 




97 


sensible 




99-101 


specific 




99 


theories regarding nature of 




95-96 


unit of 




9M9 


Heat: 






a form of energy 


II 


23 


device for measuring 


II 


25 


its nature and cause 


n 


23-24 


mechanical equivalent of 


11 


26 


sensible and latent 


II 


27-2^ 
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Heat — continued : 

epeclflc 

total of evaporation 

total In steam or 100 pounds preaanre 
Heat: 

latent 

loss of 

mechanical equtvalent of 

radiation of 

Bensible 

BpeciBc 

traoBmlsslon of 
Heatera: 

capacity of 

closed 

economy of 

live Bteam 

open 
Heating: 

by electricity 

surface, of liorliontal IxilleTB 

surface, of vertical firebox boilers 
High potential systems: 

wires 

transformers 

series lamps 
HIgli jji'essure control 
High speed brake: 

comiiensaling valve. New Tork 

train handling 

WeatluBhouBe, 
High speed engines: 

High speed, horlaontal, plstOD-valve engine 

Hills 

Hole, getting Into a 

Hook rod, adjusting length of 

Horizontal boiler setting 

Horsepower: 



calculated 
constant 
definition of 
different kinds of 
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Horsepower — continued : 
indicated 

methods of calculating 

what it represents 

net 

of gasoline motors 

of steam engines 
Hostlers, instructions to 
Hot water thermometer 
Hot well 
Hydraulics 
Hydrogen: 

nature and heating value of 
Hydrometer 
Hyperbolic logarithms 



Ice making: 

systems of 
Ignition: 

circuits 

timing 

troubles 
Incandescent lamps 
Independent brake valve 
Indicator: 

connections for 

diagrams 

diagrams, analysis of 

inventor of 

principles of 

spring 

care of 

construction of 

diagram 

principles of 

by whom invented 

care of 

description of 

principles of 

spring 

study of diagrams 

taking diagrams 

the 

Indicator diagram: 
analysis of 
arte of 
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I. 
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I. 
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Induction coll, the 
Information, useful 
Initial pressure 
Injector: 

by whom Invented 

emergency method of handling 

Importance of proper handllDg 

Inlet valve 

right time and place to use 

Seller's self-acting 

The Gittard 

strainer for suction pipe 
Seller's improved 
The MetropoUUn 
The Monitor 
The Little Giant 
The Simplex 
The Lunkenbeimer 
to remove tubes 
why It lifts water 
why It forces water Into boiler 
Injectors: 
care of 
exhaust 
live steam 
principles of 

slzeB and capacities of 
Metropolitan 
how to start 
how to regulate 

operation of 

pipe connectlonB 

repairs to 

to use as a heater 
Injector Monitor; 

flanged 

Its capiicity 

0])e ration of 

recent Improvements 

to use as a heater 
ItiBide work: 

underground conductors 

switches, cut-outa, circuit-breakers, etc. 
Inspecting and testing air brakes 
Inspecting gas or oil engines 
Inspection of boilers 
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Inspection of englae 
Inspectors. U. S. board of 
Inspirator: 

the Hancock 

connectionH aotl operationa 

Internal arrangement of 

lifting apparatus or 

ranee o£ 

regulation of 

type composite 
Insurance, ilre 

Installing a gas or oil engine 
Instruclion car. Interior view of 
Internally fired boilers 
Intermediate valves, New York pump 
Isochronal governor 



376-380 
380-383 
378-379 
376-377 



Jet speed 

Jiggling, WestingbouM pump, test for 
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